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ON THE BIONOMICS AND DIFE-HISTORY OF CONIOP- 
TERYX PUSANA WITHYCOMBE CONIOPTERY- 
GIDAE (NEUROPTERA). 

E. S. Narayanan, 

Biological Control Research Officer, 

Imperial Agricidtural Research Institute, New Delhi, 

Introduction 

Coniopterygidae constitute a small but well defined family of the Sub¬ 
order Planipennia of the order Neuroptera. The insects belonging to this 
family are very minute but from an economic point of view they are very 
important in that both as larvae and imagines they are predacious upon 
Rhynchota, mites, etc. The biology of hardly any Indian species of this 
interesting family has been studied in detail. In the following pages, the 
bionomics and life-history of Coniopteryx pusana Withycombe, a predator on 
the efcss of Pyrilla, one of the most serious pests of sugarcane all over India, 
are described. 


Bionomics 

The predator (Fig. 10) is first seen in the field in Pusa from the last 
week of July when it appears in small numbers. The adults were seen feeding 
on the honey-dew produced by the PyriUa and during August and September 
when the white-fly of sugarcane was also feeding on the cane leaves and 
producing honey-dew, the predator was seen amongst the white-flies also. 
The adult insect is pale brown in colour and the body and wings are covered 
with white, waxy powder. From August onwards, on a careful ex a mina tion 
of the egg masses of Pyrilla that are on the underside of the cane leaves, 
minute orange pinkish top-shaped larvae can be seen feeding with their spear¬ 
like mouth-parts on the egg contents of Pyrilla, It is the full fed or the third 
instar larvae (Fig. 5) that are most commonly met with. It is possible that 
owing to the extremely small size of the first instar larvae and also their very 
light pink colour, they are not easily visible to the naked eye in the field. 
On the underside of the sugarcane leaves here and there in between ^veral 
egg masses may also be seen small round double silken cocoons (Fig. 8)* 
Some of these cocoons may be seen cut anteriorly (Fig. 9) showing iMt the 
adults have emerged. It is also not un u s ual to find the larvae spuming the 
silken cocoon from silk emitted from the anal end, the movements being 
seen clearly specially where only the first layer of the cocoon has been formed. 
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Life-History 

Oviposiiion and Description of the The female lays eggs 

singly, generally on the under surface of leaves in close proximity to the 
Pyrilla egg masses. When freshly laid, the e^‘ is slightly creamy in colour 
becoming pinkish at about the time of hatching. It is 0*5 mm. long and 0*27 mm. 
broad in the middle (Figs, i & 2). It is oval in shape with the micropylar 
end drawn out into a blunt conical projection. The chorion is characteristically 
honey-combed with distinct polygonal depressions, which are very clearly 
seen under the high power of the microscope. The chorion slits longitudi¬ 
nally at the time of hatching. During the summer months, July, 
August and September, the egg hatches in about four to five days when the 
mean maximum temperature is about 8i*5®F., the mean minimum 79*5®F., 
and the average relative humidity 86 6%. With the beginning of cold 
weather, November, December, January and February, it usually takes from 
I eight to twelve, sometimes even fourteen days for the eggs to hatch when the 
mean maadmum * temperature is 76°F, the mean minimum 50*5®F. and the 
average relative humidity 82-6%. 

Description of the larval stages and the duration of summer and winter 
life cycles, —^The larva (Fig. 3) just after hatching halts near the empty shell for 
some minutes and then actively moves about in search of food. It is very light 
pinkish in colour and is 075 mm. long and 0*20 mm. broad in the middle. The 
first instar larva does not differ much from the later ones except that the 
empodium between the two tarsal claws is pointed in the first instar larva 
wher^ in the second and third instars it is pad-like. The larva is pyriform 
and is flattened dorsoventrally. The body is smooth but the thoracfc segments 
bear double transverse rows of fine hairs while the abdominal segments bear only 
single rows. The labrum covers the conical mouth parts that are adapted for 
sucking purposes. The mandibles and the maxillae constitute the sucking 
spears. The mandibles are pointed and have shallow grooves ventrally. The 
maxillae are also modified for sucking. They are pointed and have barbs near 
their tips. The labium is very much reduced and lies between the two jaws. 
The labial palpi are three-jointed, the distal joint being club-shaped. The 
thorax is about or little more than half the length of the whole body. The 
prothorax has a pair of spiracles. The legs are long and covered with long 
hairs. The tarsus consists of one segment only and is not freely articulated with 
the tibia. The abdomen consists of ten segments, is broad in the anterior region, 
gradually tapering towards the posterior extremity. The first eight segments 
have each a pair of spiracles. The second instar larva (Fig. 4) is 1*25 mm. long 
and 0*4 mm. broad, and the third instar (full-grown) larva (Fig. 5) is 2*25 mm. 
long and 0*75 mm, broad. When full fed, the larva moves the anal spinneret 
over its bstck backwards and forwards and spins over it a cover of silk, inside 
which another smaller cover is spun. Pupation takes place inside these covers. 
\The larval period during the summer months is about 18 days and pupal 
I period about 10 days, in winter the larval period is about 25 days and the 
pupal period about a month. The pupa (Fig. 7) has its appendages free. It 
does not make any movements until about two months. With the aid of mandi¬ 
bles the adult makes a rough circular slit in the anterior region of the cocoon and 
emerges. 
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Figs 1-10 —Conwpieryx pusaTta Withycombe. 

1 and 2 The egg; 3. Freshly-hatched Iar\a; 4. 2nd insfcar larva, 6, Srd instar larva; 
6, Full-grown larva about to pupate (Note the bhrunhen siye), 7. Pupa; S. Cocoon; 

9. Cocoon showing the slit, 10. Aault. 
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SuMUAny 

The bionomics and life-history of Cdiiopieryx pusana Withycombe, a 
predator on the eggs of PyriUa has been stumed. During the summer months 
of July, August and September it takes four weeks for the completion of the 
hfe-cyde, when the mean maximum temperature is about 8i‘5°F; the mean 
minimiiin 79’5®F and the average relative humidity 86‘6%, while during the 
winter months of November, December, January and February, the life-cycle 
is completed in just over eight weeks when the mean maximum temperature 
is 76®F„ the mean minimum 5o-5®F., and the average relative humidity 82*6 %. 

Reference 

Wthycombe, CL , 1925, Mem Dept. Agtlo India, ent. ser., 9 (1) . 14. 



THE BIOEOGY OF MICROBRACON CHILONIS 
VIERECK-A LARVAE PARASTTE OF 
CHILO ZONELLUS SWIN. 

By M. C. Cherian, b.a., b.sc., and P. S. Narayanaswami, b.sc., Ag. 

Agriculiurd Reseat^ Institute, Coimbatore, 

iNTROBUCtlOK 

Microhracon ckilonis Vier. is one of the few brawnid paiasites that are 
known to attack the sorghum borer Chilo zoneUus Swtn. It was described by 
Viereck (1913); and is identical with Microhracon chilocida described by 
Ramakrishna Ayyar (1928). 

Habits and tos-HisTORY 

Mating. —Soon after emergence the adults of both sexes are ready for 
mating. Only at close quarters the male seems to be aware of the presence of 
the female and it shows its eagerness by nmning towards the female, with the 
antennae oscillating. If the female does not object to the overtures of the male, 
the pairing is quickly effected and is continued till the female moves away. 
The whole process takes nearly 20 to 30 seconds for completion. 

When supplied with host caterpillars inside cholam [Andro- 
pogon sorghum) or maize {Zea mays) stems, the females freely parasitise them 
after pa:i^3rsing them. Preoviposition period varies from 2 to ii days. 
Host larvae when given naked, i,e,, when not supplied in a stem are not pam- 
sitised. When about to oviposit, the female walks about the stem containing 
the host, feding the stem with its antennae, selects a suitable spot, thrusts its 
ovipositor into the stem and after paralysing the host, lays eggs. The adult does 
not eed on the host larva through the puncture made by the ovipositor as 
seveial other braconids do. Oviposition takes nearly 30 to 45 minutes and even 
an hour depending on the number of eggs deposited. The eggs are laid loosely 
in a cluster on any part of the host body and can be easily dislodged. The 
number of eggs laid by a female varies from one to a dozen on a host, the 
average for 74 hosts being 4.5 eggs. The maximum number of e^s laid by a 
female bred in the laboratory was 61 as against 84 laid by a parasite collected 
from the field. The average for 15 females worked out to 22.7 eggs. 

Egg. —(Big. i) The freshly laid egg is smooth, shining, milky white in color 
and oblong-ovate in shape. It is slightly arched in the middle with the ends 
rounded but unequal. The posterior end has a small hollow space inside. It 
measures 0.882 mm. to 1.134 ^ length and 0.200 mm. to 0.231 min. width at 

the widest part, averaging 0.997 mm. in length and 0.222 mm. in width. The 
incubation peri^ of the egg lasts from 24 to 30 hours with 27 hours as the aver¬ 
age time. Before hatching, it loses its transluscence and the empty space at ^e 
caudal end becomes filled up. The hatching krva gnaws out a cipdar opening 
at the broad end and crawls out of the egg shell. In most cases it comes de^ 
out of the e^ shell while in some the egg shdl remains attached to the larva till 
the first moult. The newly hatched larva crawls on the surface of the host body, 

5 “Indian J. Bnt., 4 (1)’' 
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fastens itself to the host with its mandibles and begins to feed by inserting its 
mandibles into the body tissues and imbibing the body flmd 



Pigs. 1-6.—Mtercbracon ehtloms Viereok. 

1. Theegg; 3. Larra; 3. Cocoon; 4 Papa, 5. Male; 6. Female 


Ezpl. 

Larva —(Fig. 2) The newly hatched larva is about the same in size, shape 
and cdor as the egg excepting that it is a bit more fiat and not so tapering 
towards the posterior end. It is composed of a head and 13 distinct body 
s^ments. The cuticle of the larva bears very minute setae not visible to the 
naked ^e. The head bears on its dor^ surface a pair of minute noU’-s^ptnented 
antennae and on its lower side the mouth parts. The larva measures 0.903 mm» 
to 1.120 mm in length and 0.195 mm to 0.215 mm in width, averaging 1.0x7 mm. 
in lex^h and 0.213 mm in width. The full-grown larva is cylindric^^ well 
axdied and tapers off at the extremities rather more towards the head than 
towards the posterior end. The mouth parts are fairly wdl chitinised from the 
lower part of the head. Ths white urate granules insi^ the body are large and 
coni^cttons. The growth of the larva in the final stages is very rapid. 
The full-grown larva measures 5.086 mm. to 6.536 mm. in length and 1.300 mm. 
to 1.806 mm. in width with 5.874 mm. and 1.481 mm. as the average length 
and width. It attains full growth in the course of 3 days from the time of 
hatdung when it stops feeding. Bach larva when full f^ spins its own cocoon 
within which it pupates. 

CocpoM.—(Fig. 3) The cocoon is spun within the course of a day or even 
less. It is pale to dirty white in color and somewhat larger than the larva. It 
oonsits of tough silken threads and is firm in texture. It is elongate cylindrical 
in shape with the anterior end terminating in a spherical cap. Several cocoons 
may be found grouped together. The cocoon of the female is always larger in 
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size than that of the male by about a fifth, the female cocoon measuring 6.172 mm. 
to 7.516 mm. in length and 2.193 mm. to 2.623 mm. in width with 6.667 mm. 
and 2.300 mm. as the averaging length and width while the male cocoon is 4.946 
mm, to 6,116 mm. in length and 1.634 1.980 mm. in width with 5,412 mm. 

and 1.845 mm. as the average length and width. After completing the cocoon 
the larva remains queiscent for nearly 4 to 5 days when it evacuates the accumu¬ 
lated larval meconium in small yellowish lumps, moults for the last time and 
turns into the pupa, 

Fufa, —(Fig. 4) The pupa is smaller than the larva. When fresh, it is 
creamy-white in appearance but it gradually b^^ns to darken in color. The 
eyes turn pink, then dark and the other organs also in turn slowly assume the 
hue they bear as adults. It takes 5 to 6 days to have all the organs well 
formed and chitinised. The adult splits open the pupal skin and gets ready to 
emerge out of the cocoon. The female pupa measures 4*300 mm. to 6*129 mm. 
in length and 1*330 mm. to 1*978 mm. in width, averaging 5*356 mm. and 
1*688 mm. in length and width. The male pupa is smaller than the female 
being about four fifths its size. It measures 3*570 mm. to 5*332 mm. in length 
and 0*960 mm. to 1*548 mm. in width with 4*584 mm. and 1*305 mm. as the 
average length and width. 

Emergence of the aduit from the cocoon ,—^The adult parasite after freeing 
itself from the pupal skin waits for sometimes inside the cocoon for the body 
to get hardened. It cuts out a circular opening through which it comes out 
head foremost with the help of its legs and emerges out finally. 

Life-cycle ,—The whole life cycle of the parasite from the egg to the 
emergence of the adult lasts from 12 to 15 days, the egg, larval, prepupal and 
pupal periods being i, 3, 3-4 and 5 to 7 days respectively. The life cycle 
averaged 13 days for 25 specimens. The maximum and minimum temperatures 
and the relative humidity for the period are as follows;— June —88*9®, 73*4® 
and 72% ; 85*3®, 72*5® and 73 * 3 % J August— 71*8® and 70*0%. 

Longevity ,—^The imaginal life is fairly long; when fed with sugar solution, 
the female lives for 4 to 55 days with 16*5 days as the average duration of life 
for 23 females while the male lives from 3 to 59 days with 14 as the average for 
31 males. 

Parthenogenesis ,—Parthenogenesis is found to occur, the progeny being 
all males in such cases. It has been noticed that parthenogenetic females 
oviposited earlier than mated females but the number of eggs deposited by the 
former was always less. 

AUernaie hosts .—In the field, the parasite has also been found parasitising 
the caterpiUais of Argyria sticticraspis, H. The parasite was successfully reared 
in the laboratory on the larvae of Diatraea venosata^ Argyria sticticraspiSf 
Corcyra cephalonica and Galleria mellonella but it was found to be less inclined 
to paiasiti^ the latter two. 
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Viereck. V. L. 1918. Proo. U. S. Nat- Mus. 44 (1974); 640. 

Bamakriahna Ayyar, 17. V. 1938 Mem, Dept. Agric. India ZO (3): 49. 
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A NEW SPECIES OF CHRYSOMELIDiE FROM BURMA 

/Jy G. D. Bhasin, b.sc.. Forest Research Institute, Dehra Dun, U. P. 
y - Subfamily Hispinae 

Platypria garthwaitei^ new species 

Reddish-brown; the prothorax with the lateral lobes pale fulvous, two 
slightly oblique vittae on the disc (one on each side of the middle line), extendii^ 
from the ba^ depression to a little beyond the middle, black; the elytra with 
the tubercles on the disc black, the marginal spines except two in the concave 
interval and a few on the apical maigin towards the suture, black or tipped with 
black; the areas round the larger basal semihyaline depressions in the anterior 
and posterior lobes suffused with black and the margin of the concave 
interval yellow. 

Head with a projection in the interanteimal space and a longitudinal im¬ 
pressed line down the middle. The antennse long and slender, the first joint stout, 
the second small, the third the longest and slender, the following joints except 
the last becoming^ successively smaller. Prothorax broader than long, trans¬ 
versely depressed in front of the base, the surface rough except a few punctures 
in and near the middle of the basal depression, the lateral expansions directed 
forward, each having six spines, the most anterior of which is very small and 
bears a small seta at its tip, second the longest, third, fourth and fifth rather 
broad and blunt, sixth a little longer, in addition to these ^ines the hind portion 
has a few small teeth or sometimes a short spine; the disc of each expansion 
with three elongate depressions with semihyaline centres. Scutellum triangular 
with the apex rormded, the surface roi^h with a shallow depression. Elytra 
shining, punctate striate; the costae bear several minute black tubercles the 
number of which varies in individual specimens and two large conical tubercles 
on each elytron one before and the other behind the middle, the one before the 
middle is more slender and acute than the one behind. The anterior lateral lobe 
is armed with six spines and bears a large more or less circular hyaline‘depression 
basally and four other small elongate depressions (one each at the base of spines 
2 to 5), also there are one or two very small depressions anterior to, and one 
posterior to, the large depression; the concave interval between the anterior and 
posterior lobes with two minute ydlow spines; posterior lobe with three lender 
spines and four depressions, the b^l two being the larger; the spines on the 
apical margin gradtudly decrease in length towards the suture, the three im¬ 
mediately following the posterior lobe are coloured as the spines of the lobes, the 
rest yellow; each of the marginal spines except the two in the concave interval 
bears a very small seta near the tip. Length, 6 mm. 

Described from a series collected defoliating Zizyphus incurva, Maymyo, 
Burma (P. F. Garthwaite VII. 1938 and M. H. Desai V. 1940) Type and 
parat3q)es in the Forest Research Institute, Dehra Dun, U.P. 
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In Maulik's key * to the Indian species of the genus this species fits in 
with P, cMroptera Gestro with which it agrees in having the antennae long and 
slender, the elytron not hairy and the anterior lateral lobes with six spines but 
differs as follows:—the prothorax devoid of hairs, the longitudinal stripes 
oblique; elytra with a very conspicuous basal semihyaline depression in the 
anterior lateral lobe and two spines in the concave interval. 



Pig. l--Plaiyprta garthiffctitei^ ap nov ; 
Dorsal view of the beetle 


1919, Fiamia Brit India. (Hispins, Oassidinae) p. 257, 




RE-ASSOCIATION OF MALPIGHIAN TUBULES 
IN COCCINELLID BEETLES- 

(A Hydro-Filter Device for Water-Conservation) 

By S. Pradhan, d.sc., Entomological Section* 
Agricultural Research Institute, New Delhi.* 
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Introduction 

The problem which forms the thesis of the present paper has been a 
mystery to science for over a century and a quarter, and it has been occupying 
my mind for a number of years during which I have been busy on the study 
of the lady-bird-beetles (Coccinellidae). The malpighian tubies in a typicd 
case, are blind excretory tubules arising at the junction of mid—and the 
hind-gut and hanging freely in the body cavity, but in a number of insects 
including the lady-bird-beetles, the distal ends of these tubules instead of 
remaining free in the body cavity, show a close adherence to the walls of the 
colon and rectum (Figs, i & 2). 

This re-association of malpighian tubules with the hind-gut, even 
according to such early studies as those of Ramdohr, (1811), quoted by Woods, 
(1916), occurs in at least 22 genera Coleoptera representing 10 families, 
2 genera of Neuroptera, 3 genera of Hemiptera, i genus of Eepidoptera, 
5 genera of Hemiptera, i genus of Lepidoptera, and i genus of Diptera. Later 
studies have certainly added largdy to this list; Woods' valuable historical 
account (1916) oi the work done on this subject renders it unnece^ry to 
review the previous literature. More recently Ishimori (1924) has again sum¬ 
marised the work and has studied the similar arrangements in a large nuniber 
of Lepidopterous larvae and has classified the various types of convolutions 
shown by ^e re-associated portions of the malpighian tubules. Thus it will 
be clear that the xe-assodation of malpig^an tubules is a phenomenon oi 
fairly commcNU occurance among the insects. 


♦The work was done in the Zoological Laboratories of the University of Lucknow 
and the paper was finally prepared for publication in the laboratory of the Imperial 
Entomologist, New Delhi. 
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Fie. 2. Fie. I. 


Fig. I, Diagrammatic sketch shewing re-association of malpighian tabnles in 
Coccinellids. 

Pig. 2, LongitncHhal section# through the inuction of colon and rectnm of C. 
iepiempunefakk 

c.—canalicnli leading from the Inmen of the gut to the fascial envelope; m.— 
circnlar muscles; co.—colon; ^.—epithelium; /iw.—fascial envelope; /oc.— 
ffiscal matter; JBT.G'.—hind-gnt; $«t—inlama; mid-gut; o—opening in 

the intima at the Junction of colon and rectum; opening of the fascial 
envelope (chamber); o.w.—opening of the malpighian tubnles at their origin 
from the junction of mid—and hind gut; re.—rectum; re, wt—re-associated 
portions of malpighian tubules. 



Malpighian Tubules in Cocctndlid Beetles 13 

The si^ficance of this re-associat on of the malpighian tubules has defied 
all investigative efforts. The present paper, without claiming a complete 
solution of the problem is meant to throw some additional light on this 
subject which has gleamed forth during my studies on Coccinellid bettles. The 
results incorporated herein go a long way to prove that this re-association is a 
unique Hydro-fiUef device for water conservation. 

II.— Structuhb of Mai^ighiak Txtbui,es in Coccineeud Beetles 

The account recorded herein is based on a close study of Epilachna indica 
Muk. and CoccineUa septempunctata Linn, and a general study of five other 
Coccinellid species namely Chilomenes sexmaculata Fabr., Brumus saturalis 
Fabr., Synia millanaria Muls., Chilocorus nigritus Fabr., and Epilachna 
vighitioctopundata Muls. The description of the histological structure of 
malpighian tubules given in the case of E, indica (Pradhan, 1937) applies fairly 
closely to these species also. During the present investigation, therefore, 
attention has been paid to observations additional to those already made in 
E, indica. 

The malpighian tubules are six in number. They originate independently 
from the annulus round the plyoric valve and travel forwards in a zig-zag 
^urse along the lec^h of the mid-gut and then turn back and travel backwards 
in a similar manner up to the hinder portion of the ileum, where they begin to 
surround the gut intimately in a very convoluted fashion, and completely 
invest both the hinder portion of the ileum as well as the colon (Co., figs, i & 2). 
The^ re-associated portions of the malpighian tubules are enclosed within a 
fascial envelope, which follows the contour of the colon. Posteriorly this fascial 
envdope is intimately connected with the junction of the colon and rectum. 
Here it pierces the musculature as well as the epithelium and becomes attached 
to the intima {jint). Anteriorly, however, the envelope continues up to the 
level where the malpighian tubules begin to re-associate, and there ends without 
any intimate connection with the gut wall. Thus the fascial envelope is an o]^n- 
necked flask-shaped structure enclodng the colon and the re-associated portions 
of the malpighian tubules—the bottom of the flask being fused with the junction 
of colon and rectum and the neck rather loosely surrounding a short portion of 
the ileum but leaving free luminal connection (0, /.) between the inside of the 
fascial envelope and the rest of the body cavity. This luminal connection has 
to be carefully noted as the previous workers have definitely overlooked this 
point and as this point is of special importance in deciding the significance of 
re-association. 

Microtome sections through this re-association complex reveals another 
still more unique anatomical peculiarity. Sections through the jimction of colon 
and rectum show under high powers of magnifications very minute openings in 
the intima ( 0 ), These openings, however, are not found all round the junction 
but only along the radii of the longitudinal folds. From the lumen of the colon, 
the openings lead through very minute canaliculi (C.) traceable in the tissue of 
the longitudinal folds to the chamber formed by the fascial envelope. The 
sig n i fi cance of these openings seems to lie in the fact that they establish a 
lu mi na l connection between the lumen of the hind-gut and the body cavity 
through the fascial envelope. The cells at the junction of the fascial envelope 
with the intima and also for a short distance along the canaliculi are charac¬ 
teristically spindle-shaped and minute. 
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Apparently somewhat similar structure has been described by Landis 
(1936) who has reported these openings in the intima of Cemtomegtlla Jusctlabns 
Muls, which, however, unlike the species examined by me appears to have these 
openings all round the junction of colon and rectum. But, Landis has reported 
still another observation which I cannot corroborate and which renders my 
observations as a whole diametrically opposed to that of Landis. He writes 
that at “the points of attachments" between the malpighian tubules add the 
fascial envelope “ducts open into the wall of the tubule through which a part of 
the contents of the collapsed cells of the tubule streams out into the matrix of 
the peritoneal tissues". This observation of Landis establishes a luminal 
connection howsoever indirect between the lumin of the gut and that of 
the malpighian tubules instead of the luminal connection between the gut and 
the body cavity shown by my observations. I, however, have not been able to 
observe any luminal connection between the malpighian tubules and the 
chamber in which they lie. 

III.— Functional Stxjdy of the Re-associated Portion 

Besides structural studies, I have carried out the following experiments 
with a view to investigate the function of the re-associated portions of the 
malpighian tubules. These observations have been repeatedly made on 
C. sepUmpunctata and E, indica. 

Exp. I. After cutting off the wings of a living beetle, I quickly cut off its 
sides together with its legs with a pair of fine scissors and dissected out the 
intestine in salt solution (0*9% Na Cl and o*i% K Cl)* as quickly as possible. 
I than transferred the intestine to a cavity slide and added a few drops of 
Neutral Red dissolved in the same salt solution. After two minutes 1 washed 
off the Neutral Red and examined the intestine in salt solution under the low 
power of the microscope. It was observed that: 

1. The free portions of the malpighian tubules became intensely red 
stained whereas the re-associated portions did not take up the 
stain at all, proving that the two portions have different functions. 

2. In about fifteen minutes the malpighian tubule transferred the stain 
to the gut at the point of their origin, and no stain travelled within 
the malpighian tubules towards fiie re-associated portions, proving 
that the malpighian tubules discharge their contents into the gut 
otdy at one point namely at their origin (O.Af.) and not in the region 
of the re-association also as has been inteipretted by Landis (1936). 

Exp. 2. The intestine of another specimen was dissected out as in experi¬ 
ment I, and the re-associated portions of the malpighian tubules were carefully 
peeled off and treated as in exp. i, and it was observed that on being thus 
separated the re-assodated portions of the malpighian tubules also like their free 
portions took up the neutral red, which they did not do when they were covered 
over (as in exp. i) by the fascial envelope. Thus it was revealed that the re¬ 
associated portions were not incapable of taking up the excretary material as 
may be concluded from the exp. No. i. 

Exp. 3. Exp. I was repeated and the intestine was kept in a weak solution 
of Neutral Red for about an hour, when the following observations were made:_ 

* Similar otwervation was first made by Metalnikov (1908) by iiiiectiug vital dyes in the 
body cavity. 
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I. After some minutes strong peristalisis began, the wave of contraction 
starting in the posterior portion of the ileum at the point of re-association and 
continuing right up to the end of the colon, but these repeated waves of 
peristalsis did not result in the defaecation of the colon contents (fae) as was 
expected from the nature of peristalsis. Evidently the defaecation was being 
prevented by the rectal sphincter being kept tightly closed. These strong 
waves of peristalsis without resulting into defaecation did not admit of any 
other inference except that during that action the liquid portion of the colon 
contents was being pressed out through the intimal pores into the fascial 
envelope. Further it was clearly observed that the liquid from within the fascial 
envelope flowed into the body cavity through the anterior opening of the 
envelope where the re-association begins. This observation was possible because 
the liquid within the fascial envelope was kept well stirred due to the peristalsis 
of the colon and the movement of the liquid was clearly visible under the low 
power of the microscope with the aid of a strong electric light focussed by 
the reflector of the microscope. Sometimes however a small amount of liquid 
was sucked into the envelope through the same anterior opening and the 
neutral red particles thus carried within were taken up by the re-associated 
portions of the malpighian tubules as was proved when at the end of this 
experiment the re-associated portions were peeled off and examined under the 
high power of the microscope. 

IV.— Significance of Re-association 
(a) Previous Vtews 

As already stated, Wigglesworth, (1934) remarked that *'the precise signi¬ 
ficance of this arrangement is not known’' although the problem has b^ 
subject of much speculation and conjecture ever since it was shown that the 
posterior termination of the malpighian tubules in the wall of the hind-gut is 
rather apparent and superficial. Metalnikov {1908), however, seems to be the 
first to make any experimental study of this subject by injecting various vital 
dyes into the body cavity of Galleria sp. To quote Woods (1916), Metalnikov 
'formulated the hypothesis that this part of the tube constitutes a special 
secretory apparatus which eliminates such toxic substances as may have passed 
through the intestinal epithelium. This is the opinion of Payorkoff (1910) and 
substantially that of Gorka (1914)". Woods (1916) himself suggested that in 
Hdltica bimarginata, probably the liquid absorb^ by the mid-gut epithelium 
travels backwards between the basement membrane and the circular muscles 
till it reaches the region of re-a.ssociation where it passes out and is cleaned by 
the re-associated portions of the malpighian tubules before entering the generi 
haemocoele. In 1933, R. Heymons and M. Luhmann repeated the experiments 
of Metalnikov by injecting Indigo-carmine into the body cavity, and arrived 
at similar results. They wrote; “Wir sind zu der Uberzeugung gekommen, 
dass es sich hier um einen Apparat handelt, der fur den Wasserhaushalt im 
Organismus des B^ers und seiner Larve wichtig ist. (In diesem Zusammenhang 
^i erwahnt, dass der Schneebalkafer feuchte Standorte liebt und, am besten 
in feuchter Umgebung gedeiht. Hr kann als hygrophil bezeichnet werden) 
Seine Funktion durfte etwa die folgende sein. Man darf annehmen, dass im 
Enddarm wie bei anderen Insekten eine gewisse Eindickung des Danninhalts 
stattfindet, und zwar dutch Entziehung von Flussigkeit, die mit Hilfe des 
re^bierenden Darmepithels dem Blute zugeleitet wird. Bei Galerucella und, 
wie wir vermuten mochten, auch bei verschiedenen anderen Chrysomeliden 
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gelangt abet die von der Darmwand aufgesogene Flussigkeit nicht direkt in die 
gemeinsame Korper kohle, sondern zunachst in den Kammerranm, in dem sie 
mit Hilfe der Endabschnitte der Vasa Malpighi wahrscheinlich von schad- 
lichen Beimischungen befreit, in gewissem Sinne also gereinigt wird. Der 
eigenartige Kammerartige Raum ist hiemach als eine Art Filter-kammer zu 
betrachten. Die oben beschriebene Unterbrechung, die das Enddarmepithel 
in Form einer rin^ormigen Dusenzone zeigt, mochten wir dabei als eine Art 
Ventil denten. An dieser zone besteht die Darmwand nur aus einer dunnen 
Chitinscicht, die bis zu einem gewissen Grade als durchlassig gelten kann. Diese 
Stelle durfte vielleicht zmn Ausgleich von Dmckschwankungen dienen und 
auch einen Durchtritt von Flussigkeit wieder aus dem Kammerranm zuruck in 
den Enddarm moglich machen*'. 

In I934i Wigglesworth made a passing remark that “perhaps this serves 
to add the absorptive powers of the malpighian tubules to those of rectal 
epithelium’'. The latest contribution on this subject, however, has been made 
by Landis (1936), who after working on Ceratomegilla sp. (Coccinellidae) was 
led to the lilirf that there is an indirect passage through which the liquid 
wastes are passed into hind-gut in the region of re-association besides the normal 
discharge of the excretory product at the origin of the malpighian tubules. 

It will be dear that there are two main views on this subject besides the 
suggestions of Wigglesworth. 

The one view is that the re-associated portions ending absolutely blindly 
are meant to extract toxic material that might pass through the intestinal wall. 
Evidently the believers in this view suspected the efficiency of the epithelial 
cdls in their vital function of selective absorption which must be suh-normal 
to require a apedal apparatus like the re-association complex to supplement 
their function. 

The other view namely that of Landis is that the re-association provides 
an additional indirect coimection between the malpighian tubules and the 
hind-gut, meaning naturally thereby that the malpighian tubules discharge 
their excretion into the ^t at two points, firstly at the point of origin at the 
junction of mid—and Wnd-gut and secondly in the region of their re-association 
on the wall of colon or rectum. 

(5) Present View 

That the free and re-assodated portions of the malpighian tubules are 
meant for different purposes is an almost established fact as reputedly proved 
by experiments of previous workers as well as those described in the present 
paper. As to the actual function of the re-associated portion, experiment 
No. 3 described before has given an indication that the liquid portion of 
the colon contents is pressed out into the fasdal chamber, and further in the 
same experiment it has been dearly observed that the fluid content of fascial 
chamber flows out into the haemocoele. It should be, therefore, quite reasonable 
to Gondude that the re-assodated portion of the mdpighian tubules enclosed 
within the lasctal chamber are meant to dean the liquid pressed out from the 
colon contents before it flows into the general haemocode, the special necessity 
ton such, deaning being due to the fact that the liquid from the colon comes 
into the fasdal chamber not after bdng normally absorbed by the epithelial 
cdls which themselves exerdse sdective absorption but after being only 
mechanically pressed out through the pores of the intima as if through a sieve. 
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Now let us test this interpretation against the two main views existing 
on the subject. 

As to the view of Landis regarding the discharge of liquid excretion of 
nialpighian tubules in the region of re-association, it seems very unlikely 
that the excretory material within the lumen of the malpighian tubules should 
choose such an indirect and complicated course as the minute canaliculi and 
the intiraal pores provide, specially when the normal course is so easy and 
without obstacles (of course longer). Besides, the experiment No. i establishes 
beyond doubt the direction of the flow of the liquid to be towards the origin 
of the malpighian tubules and not towards their re-association. It may be 
added that the passage of the liquid from the gut into the fascial envelope 
takes place under the pressure of peristalsis of the colon. 

Even if we accept Landis* interpretation that ‘‘a part of the contents of 
the collapsed cells of the tubules streams out into the matrix of the peritonial 
tissue-~a point which I might not have been able to appreciate—it is absolutely 
impossible to accept his suggestion that after entering the peritonial matrix, 

I the liquid wastes appear to be transported posteriorly to the insertion of the 
peritonium on the intima of the intestine** specially when the experiment No. 3 
reveals beyond doubt that the liquid from inside the fascial envelope flows out 
into^ the general body cavity; and when this latter su^estion of Landis is not 
feasible his former one regarding the discharge of the excretory material within 
the fascial envelope becomes altogether unlikely because that will mean sending 
the excretory material to the body cavity and thus to counteract without any 
purpose, the function of the malpighian tubules which they exercise in most 
insects. 

As regards the views of other workers besides Landis who believe that the 
re-associated portions of the malpighian tubules are meant to extract any toxic 
ma^er that might pass through the gut epithalium the following is worth 
nothing. Evidently the believers in this view suspected the efficiency of the 
gut epithelium in their normal vital function of selective absorbtion which must 
be sub-normal if a special apparatus like the re-association complex is required 
to supplement it. It is quite pertinent to ask as to how a great majority of 
insects which are without re-association complex, get rid of such toxic sub¬ 
stances. Moreover, the suggested passage through which the liquid absorbed 
throughout the gut length should pass to come to the fascial chamber is also 
problematic. 

Coming to the new interpretation presented in this paper, the necessity 
for ^e economy of water is an unquestionable issue and it is likely to be a 
special necessity for coccinellids as they remain throwing out intenniteutly a 
gocd deal of water in the form of reflex bleeding as will be explained later. 
It is therefore not unlikely that the re-association complex is forming a special 
device for water conservation. To quote Wigglesworth (1934), the re-association 
of malpighian tubules with the colon and rectum is co-related with a strong 
power of drying the excrement. A reference to Wigglesworth*s work on the 
significance of rectal glands in insects (1932) and Prof. Bahl's work on the 
significance of euteronephric system in earthworms (1934) oppose the view 
of Landis that the liquid is poured out into the colon and will strongly support 
the present interpretation that the liquid portion of the colon contents is 
pressed out into the fascial envelope and is retained back for the use of the 
body again. By the way, it may also be noted the position of pores (0) 
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in the intima and the characteristic shape of the colon (Co) are both ideal for 
this pressing action. 

It might be contended that the liquid pressed out from the colon contents 
into the fascial envelope must be too dirty to be sent to the general body fluid, 
but this contention is not only itself explained by, but actually explains the 
enclosure of the so-called re-associated portions within the fascial envelope; the 
experiment No. 2 has proved that the re-associated protions are not incapable 
of taking up the excretory material. 

Before concluding it may be interesting and instructive to recall in this 
connection that the malpighian tubules are characteristically confined to the 
mainly terrestrial Arthropods [i.e. most Insects, Myriopods; and Arachnids). In 
those’groups of Arthropods, on the other hand, which have been primarily aquatic 
i.e. Crustacea and Xiphusora (lyimulus) the renal excretion is supposed to be 
performed by nephridial glands*. Now the main physiological difference between 
these two types of renal structures is that whereas the latter throw the liquid 
excretion outside the body, the former discharge it into the gut whence the water 
component of the excretion can be absorbed back and retained into the body. 
Thus it is not very improbable that even the original development of the 
malpighian tubules might have been connected with the need for water 
conservation during the change from aquatic to terrestrial life This idea will 
be better appreciated after a reference to Prof. Bahl's work on the significance 
of Enternephric system in Oligochaetes (Annelids—verily the ancestors of 
Arthropods) wherein he concludes that the discharge of the excretion into the 
gut is a means for retaining back the water-content of the excretion. 

(c) Re-Association and Reflex-Bleeding. 

There appears to be a special reason why the Coccinelled beetles should 
develop a special device for preventing the loss of water. The insects like 
many others are very prompt in what is known-as '‘reflex-bleeding'". As soon 
as they are touched they almost instantaneously emit out a lot of an offensive 
liquid which is supposed to defend them against their enemies. Whatever 
may be the nature or source of the liquid, the major portion of it may safely 
be presumed to be water. If 'this presumption is correct then it becomes a 
decided fact that these insects have to throw away a large amount of water in 
self-defence. Therefore, it appears that it is to make good this special con¬ 
sumption of water that this is a special device for the conservation of water 
in the form of re-association complex. To establish finally the co-relation 
between Re-association and Reflex-bleeding, a survey of the whole class of 
Insecta may be needed but the following insects which have been studied from 
both these view-points (although separately) afford strong support to this 
suggestion by showing striking co-occurrence or re-association of malpighian 
tubules and the phenomenon of reflex bleeding. 

(a 4 ) Coccinellids:—These insects have been studied for Re-association* 
by Ramdohr (iSii), Potts (1927), Burgess (1932), Eandis (1936), Pradhan (1937), 


♦Peripatiis may be taken as an exception although it can bo also grouped from the 
physiological point of view with the aquatic arthropods as it inhabits dam^) localities. 
Of course it may not be necessarily always this very co-relation; it is just possible that in 
some other insects with re-association the extra-consumption of water may be taking 
place in some other way. 
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etc., and for Reflex-bleeding by Lacordaire (1938), I^eydig (1859), Ltits (1825), 
Porta (1903), Mclndoo (1916) etc. 

(B) Cbrysomelids:—^They have been studied for Re-association by 
Ramdohr (1811), Dufour (1843), Payorkoff (1910), Woods (1916), Heymons and 
I/Uhmann (1933), etc. and for Reflex-bleeding by Lacordaire (1838), Leydig 
(1859), Cuenot {1890), De Bono (1889), Porta (1903) etc. 

(C) Caterpillars:—Of the various workers Ishimori (1924) has studied 
the re-association in the largest number of caterpillars. Quite expectedly from 
the present point of view the literature contains an equally large number of 
instances of caterpillars emiting an 'urticating secretion* on being handled. 
Packard (1909) has given a good resume on “defensive or repugnatoriar* 
secretions of caterpillars. 

(D) Meloidae (Cantharidse) :—(Blister beetles) 

The Reflex-Bleeding in blister beetles is a well-known phenomenon and 
has attracted the attentio^i of almost all the workers in the field. On the 
other hand I did not find any reference to the condition of the malpighian 
tubules of these beetles at least in the literature available to me. By way of 
testing, the proposition co-relating Reflex-bleeding and Re-association, I 
dissected a few blister (species ?) and found a much more perfect re-association 
than what has been described in any of the above mentioned insects. In the 
species dissected the re-associated portions fuse at short but irregular intervals 
and form a close-meshed net-work. 

V.—Summary and Conclusions 

The paper embodies some anatomical and physiological studies on the 
re-associated portions of the malpighian tubules in Coccinellid beetles leading 
to the following conclusions:— 

(1) There is a luminal connection between the haemocoele and the hind-gut 
in the region of re-association as detailed below. 

(2) The water from the excreta [fae.) stored in the colon is mechanically 
pressed out through minute epenings at the junction of colon and rectum into 
a fascial envelope which encloses the re-associated portions of the malpighian 
tubules round the colon, this pressing out being effected by local anteroposterior 
peristalsis of the colon while the rect^ sphincter is kept tightly closed. 

(3) Within the fascial envelope the re-associated portions of the malpighian 
tubules extract the toxic substances from the pressed out water. 

(4) From the fascial envelope the water, after purification as if in a sewage 
house, enters the body cavity through the anterior opening of the fascial 
envelope. 

(5) Thus the re-association of the malpighian tubules is a necessary 
accompaniment of the existence of minute pores at the junction of colon and 
rectum and the two together constitute a unique Hydro-Filter Device to prevent 
the loss of water to the insect body—a device the existence of which might 
subsequently be proved in all the insects having re-associated malpighian 
tubules. 
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(6) The existence of Hydro-Filter Device for water conservation appears 
to be strongly co-related with the extra-consumption of water due to Reflex¬ 
bleeding in a large number of insects including Coccinellids. 

The above conclusions differ, 

(а) from those of Landis {1936), the latest worker on the subject, 

mainly in the fact that tiie present studies establish a luminal 
connection between the gut and the body cavity instead of a 
connection between the gut and the malpighian tubules as 
established by Landis in the region of re-association—this anatomical 
difference leading as a natural course to a diametrically opposite 
interpretation of the fimction of re-association. 

(б) from those of workers before Landis mainly in the fact that the 

present studies identify the existence of a mechanical filter of sieve 
the passage of water through which is not controlled as usual by 
the selective absorption exercised by the gut epithelium, thus 
giving rise to the necessity of a sewage house in the form of the 
re-association complex in the way—an idea which did not exist 
before. 


Synopticai, Representation of Htoro-fii<ter Device 


Use :— 


Conservation of water. 


Necessity :— To maintain the following balance : 

Extra water—consumption in Reflex-bleeding. 
Extra water—conservation by Re-association. 


Process :— A. Mechanical pressing out of water by peristalsis of the colon. 

B. Mechanical separation of water by the minute pores in the gut 

wall 

C. Cleaning of water by vital activities of the malpighian tubules. 


D. Entry of water into the body cavity through the anterior 
opening of the fascial envelope. 
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♦ This hook has actually appeared after writing this paper but the works reviewed 
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STUDIES ON INDIAN COPEOGNATHA {PSOCOPTERA) 

II. NANOPSOCETAE AND PSOCATROPETAE 
By Ramdas Menon 

Assistant to the Imperial Entomologist, New Delhi. 

In an earlier part of this series* an account of the general morphology and 
classification of the Indian Copeognatha was given. According to the key 

included in that part, the Copeognatha are divided into eight groups. 

Nanopsocetae, Psocatropetae, Atropetae, Amphientometae, Epipsocetae, 
CaeciHatae, Homilopsocida and Psocetae. It is now proposed to deal with the 
systematics of these groups starting with the Nanopsocetae and Psocatropetae 
in the present part. 

Group NANOPSOCETAE 

Small to very small psocids, clothed with short, fine hairs, some showing 
an alary dimorphism. 

Head more or less oval in outline. Median epicranial suture present or 
totally wanting; frontal sutures invariably absent. Vertex of the epicranium 
smoothly rounded. Surface of the head with fine hairs. Eyes small, with com¬ 
paratively few ommatidia; cornea with or without hairs. Ocelli present or 
wanting; when present, three, small, situated at the comers of a triangle, flush 
with the surface of the head. Antennae fifteen-jointed; the scape and the pedicel 
short and bulbous; flagellar segments long and cylindrical, with close-set micro- 
trichia and a few bristiy hairs. Maxillary ‘picks' sub-cylindrical, with three 
apical tines. Maxillary palpi four-jointed (reported to be five-jointed in 
Semnopsocus])] segments with uniform-sized, short, fine hairs; last segment 
elongate-oval, with the apical half somewhat narrowed, or sub-globular 
(Eutroctidae); second segment without any sense-spur. 

Pronotum dorsally visible; sometimes divided anteriorly into three lobes. 
Alinota well developed; in apterous forms generally forming an entire plate; in 
alate forms with the characteristic sutures of winged psocids. Sterna well deve¬ 
loped ; prosternum free; the meso-and meta-steraa fused together. Wings well 
developed or entirely suppressed; only the forewings present in Sphaeropsocidae; 
wings when developed usually folded one over the other and held parallel to the 
dorsal surface of the body while at rest, as in Termites and Embiids; venation 
very much reduced or normalareola postica when present narrow and sub- 
rectangular, lying more or less parallel to the hind margin of the wings; cug and 
la having separate endings on the wing-margin; the latter fused with m+cui at 
the base. Femora normal (Pachytroctidae) or very much broadened (Liposcel- 
lidae). Tibiae long and cylindrical, without spurs. Tarsi three-jointed. Ctenidia 
wanting. Claws with a preapical tooth. 

Abdomen somewhat fusiform. Paraprocts and telson reduced ; the former 
withoui any sense-field. Sub-genital plate of the female simple and hood-like, 
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usually with a characteristic T-shaped chitinised area on the inner side. 
Female gonopods membranous and lamellate. 

This group includes the genera Liposcellis Motsch. {:=Tfocie$ Burm.), 
Embidopsocus Hagen, {:=::Emhidotrocies Enderl, r=:Stenotrocte$ Enderl., 
=zTtopusia Hagen (?)), Sphaeropsocus Hagen, Pachytroctes Enderl., Psacadium 
Enderl., Tapinella Enderl., Psylloneura Enderl., Trigonoscelhscus Enderl., 
Pcdeotroctes Enderl., Pefitroctes Rib., Eutroctes Rib., B dap ha Enderl., Semnop- 
socus Eaing, Cuixa Navas (?), Nanopsocus Pearm. and Nymphotroctes Badn. 

Pearman has recognised only two families under this group, m., (i) the 
Eiposcellidae, to which he has assigned the genera Liposcellis and Embidopsocus 
as types and (2) the Pachytroctidae, to which the genera Pachytroctes, Nanopsocus, 
Pefitroctes and Tapinella, The genus Trigonoscelliscus has been shown by 
Euderlein (1910, p. 76), the founder of that genus, to be closely related to 
(Stenotroctes) Embidopsocus, This evidently shows that, that genus also should 
be included under the Eiposcellidae. The genera Paleotroctes and Nymphotroctes 
were placed by the protologists in the Pachytroctinae; further, Karny (1930) 
and Badonnel (1931) have provisionally placed the genus Cuixa Navas (1927) 
in the same fan^y. Therefore, these three genera should go under the 
Pach3d:roctidae in the new arrangement. 

The remaining genera, viz., Sphaeropsocus, Eutroctes, Sentnopsocus, and 
Bdapha do not allow their inclusion under either of these families. Though I 
have no representative species of these genera in my collection, I have proposed 
the erection of two new families to include them for the sake of giving 
completeness to the scheme of classification adopted here. 

The genus Sphaeropsocus was erected by Hagen (1882) for the fossil 
5 , konowii, from the Baltic amber. He included this genus under the Atropinae 
in which he placed the now-distinguished Liposcellidae as well as the Atropidae. 
Eater, Kolbe (1883) separated this genus and placed it in a special group, 
which he named Sphaeropsocini. Somehow, this grouping was not followed 
by any of the later systematists. Euderlein (1903, p. 208) pointed out that it 
should be placed in the Psoquillidae ; but, he himself later (1911, p. 291) placed 
it in the subfamily Pachytrocinae of the family Eiposcellidae. So far only one 
species of Sphaeropsocus was known. In 1933, Hickman recorded a living 
species Sphaeropsocus recens, from Tasmania. From the data available now, 
based upon these two species, there can hardly be any doubt with regard to 
the affinities of this genus with the other Eiposcellidae. It presents the same 
body-form, which is dorsiventrally compressed, the same type of antennae and 
eyes. But, the peculiar, hard and well chitinised forewmgs 'resembling the 
elytra of a beetle' with distinct veins, the total absence of hind wings, and the 
more or less shortened body appear to be characteristic-features of S^iaeropsocus. 
Eiposcellidae have a relatively longer body and when wings are developed, 
both the pairs are present and distinctly membranous, with hardly any well 
demarcate veins. In view of these remarkable differences, I believe this 
genus should be placed in a separate family, the Sphaeropsocldaa. 

The genera Euiroctis, Bdapha, and Semnopsocus can readily be 
distinguished from all the others of the group by the remarkably inflated and 
somewhat subglobular terminal segment of the maxillary palpi. It must be 
mentioned here that these genera were designated, by their protologists to 
differttit groups. Eutroctes was placed by Ribaga (1911) very near to 
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[Stenotfoctes) Embidopsocus and laing (1925) placed Semnopsocus also very close 
to the latter; both these genera were thus indirectly placed under the family 
Liposcellidae. The genus Belapha was, however, placed by Hnderlein, (1917), 
with much hesitation, in the family Caeciliidae, because it presented two-jointed 
tarsi. From what is known now, one can without any hesitation rempve it 
from the Caeciliidae and assign it to the group Nanopsocetae, because it presents 
typical^ characters of that group, I5"(i4?) jointed antennae, more or less 
collar-like prothorax and sub-cylindrical maxillary 'picks* apically produced 
into distinct tines. Further, the remarkable agreement of the structure of 
the terminal segment of the maxillary palpi of this genus with that of 
Eutroctes and Semnopsocus, which are undoubtedly members of the Nanopso- 
cetee, leaves no doubt regarding its systematic position. It must also be 
pointed out in this connection that Enderlein himself had doubts with regard 
to the tarsal nature of Belapha ; his figure, as well as description, show that the 
so-called second tarsal segment can easily be the fused second and third 
segments. I believe that these three genera should, therefore, be grouped 
together and placed in a separate family, the Eutroetidae. 

The four families of Nanopsocetae recognised in this paper may be 


separated from one another by the following key: 

1 . Tenninal segment of the maxillary palpi elongate-oval.2. 

—. Terminal segment of the maxillary palpi sub-globular. 

.. 

2 . Both pairs of wings either well developed or totally wanting........3. 

—. Only the forewings developed, hard and elytra-like. 


.SPHAEBOPSOCIDAE. 

8 . Pronotum anteriorly tri-lobed ; wings when developed, the anterior pair with only 
two longitudinally-running, faintly demarcated veins and the hindwings without 
any; the abdomen and the femora flattened. LIPOSCELLIDAE, 

—, Pronotum undivided and collar-like; wings when developed with distinct and 

complete veuanon; abdomen fusiforu or sub-globular; femora normal. 

.. 

Of these faniilies, only the genera Psacadium and Peritrociis (Menon, 1938) 
of the Pachytroctidae, have so far been recorded from India. In this contribution 
I record the genera Tapinella (Pachytroctidae), and LiposceUis and Embidopsocus 
(I/iposceUidae), the genera Tapinelia (Pachytroctidae), and Liposcellus and 
Embidopscoucus (I/iposcellidae). 

Family Liposcellibae 

The I/iposcellidae differ from the other famih’es of the group mainly in the 
following characters: body dorsi-ventrally flattened. Median epicranial and the 
frontal sutures totally wanting. First flagellar segment onwards distinctly 
annulated. Eyes much reduced, with only few facets. Anterior region of the 
pronotum distinctly tri-lobed. Femora very much broadened, the hind ones 
more so. Wings well developed or totally wanting; when well developed the 
forewings with two indistinctly-demarcated, longitudinally-running veins only; 
hindwings without any venation. 

This family is composed of only three genera, viz, LiposceUis, Embidopsocus 
and Ttigonoscelliscus, These genera can be distinguished from one another by 
the following key: 

4 
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1 . Abdomen very broad, with straight sides; eyes composed c^only two ommatidia; 

maxillary palpi about 3/4 as long as the length of the head. 

.TRIGONOSCELLISC CTS. 

Abdomen elongate-oval in outline ; eyes with more than two ommatidia; maxillary 
palpi normal. .........*. 2 . 

2 . Hind tibiae with teeth-like projections along their outer margin; meta-tibiae with 
uniform-sized hairs; abdominal segments 9 and 10 completely fused; ocelli and 

wings unknown....LIROSCELLIS. 

Hind tibiae without any teeth-like projections; meta-tibiae with long bristly hairs 
along the outer margin besides the ordinary hairs; abdominal segments 9 and 10 
separate; ocelli and wings present or totally wanting. BlilBIDOPSOCUS. 

Of these three genera, Trigonoscelliscus is so far known only from Para¬ 
guay; Liposcellis is a cosmopolitan species and Emhidopsocus has been known 
from America, England, and Africa. 
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Genus: Liposcellis Motschulsky. 

1852. Liposcellis Motschulsky, Etudes Ent. P. 19-20. 

Some authorities have used the name Troctes Burnieister instead of 
Liposcellis] it may however be mentioned that the name Troctes was originally 
used by Burmeister to include Liposcellis as well as Aitopos. 

The species of Liposcellis are separated from one another mainly by the 
sternal chaetotaxy. 


Liposeellls transvallensis Enderl. (?). 

1909. Liposcellis transvallensis Endetleiu, G. Stetf, Ent Zcit , P. 272-273. 

Several 99 specimens. Loc.—Bombay City. Collected during various times, 
on books, herbarium specimens, insect-cases, etc. 

I/ength of the body: I mm (approx.). These specimens agree with Ender- 
lein’s description of the type from Transwall. The sternal chaetotaxy is slightly 
variable in my specimens and therefore it is with some hesitation that I assign 
my specimens to Enderlein's species. Some of my specimens show six pro- 
stemal bristles and a row of ten bristles on the meso-meta-stema, just as 
described by Enderlein. Many specimens on the other hand, show only five 
pro-sternal and nine meso-meta-stemal bristles (Fig. 4.) It is worthy of mention 
that Enderlein had only a single specimen before him and as such he could not 
note any variation. 

Genus Embldopsocus Hag. 

1865. Embldopsocus. Hagen, E7if. month. ^lay ^ 2: 171 

Pearman (1935) has recently shown that the genera Emhidopsocus Hag., 
Embidotroctes Enderl., Stenotroctes Enderl. and possibly Tropusia Hagen 
are synonymous. On an examination of the venation of Hagen's type of 
Emhidopsocus ( E. luteus Hag.) Pearman has found that there was a misprint 
in Hagen's original description and that it was due to this misprint that 
Enderlein had to create the genus Embidotroctes, to place his African 
E. paradoxus. Comparison of the venation of the two species has shown that 
both were identically of the same type and that the two genera were really 
identical. Further, Pearman’s studies revealed that there is an alary dimorphism 
among Emhidopsocus, and that it was only for the apterous forms of this genus 
that Enderlein created the genus Stenotroctes, My own observations on an 
Indian species <3f Emhidopsocus, which is described below, confirm Pearman's 
view with regard to the identity of Stenotroctes. I have with me both the 
apterous and the alate forms, and I am sure I would have assigned the apterous 
forms unhesitatingly to Stenotroctes had it not been for the occurrence of alate 
individuals showing the same general characters. With regard to Tropusia 
Pearman {1935, p. 83) ha.*? written “on what is now made known, and judging 
from the description and figure (1883, Stelt. Ent. Zeii. 296; 1882, t. c., fig.) 
it would seem that Hagen's genus Tropusia may not be separable from 
Emhidopsocus** 

Embidopsoeos triehurensis, sp.n. 

4 winged 99 a few apterous 99 and 2 apterous c? c? specimens. Eoc.— 
Trichur (Cochin State). 18.iv.1935. Collected from dry leaves on the ground, 
length of the body: 1*7 mm. ( 9 ) 1*22 mm. (cf) Length of the forewings: 
1-26 mm. Length of the antennae: 0*7 mm. 


"Indian ,T. Ent., 4 (J)' 
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Winged females :—Head somewliat triangular in outline; uniformly 
ferruginous-brown. Median epicranial and frontal sutures wanting. Surface 
of the head with short, fine hairs. Vertex of the epicranium smoothly rounded, 
Clypeus very tumid, with short fine hairs; one hair on either side of the anterior 
region markedly longer than the remaining ones. Byes small, composed of few 
ommatidia, one facet towards the posterior region of the eyes distinctly larger 
than the others. Ocelli three, moderately close together, flush with the surface 
of the head; the inner half of each ocellus pinkish-black and the outer half 
almost whitish. Antennae moderately long, fifteen-jointed; the scape and the 
pedicel almost bulbous; flagellar segments long, cylindrical and distinctly 
annulated; each flagellar segment with a few scattered bristly hairs. Maxillary 
‘picks’ (fig. 6 } sub-cylindrical; their apices produced into three distinct tines. 



5* Complete? 
'picV; 7. Antenna; 
Maxillary palp. 


Hgs. 5-10 .—Emhidopsoetis friekurensis, sp. n. 

msecjUdorsd view. Legs and wings of one side not shown); 6. Maxilla^ 
8. Thoracic sterna showing chaetotaxy; 9. Meta-lhoracic leg; 10. 
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Maxillary palpi (fig, 10) four-jointed, ferruginous-brown; last segment elongate- 
oval. somewhat tapering to a blunt tip; segments with bristly hairs. 

Thorax fermginous-brown. Pronotum visible dorsally, narrow: its anterior 
margin divided into three lobes, a middle broad antedorsum and two lateral 
dorsal plates; the antedorsum separated into two lateral halves I'” a median 
longitudinal groove; the antero-lateral corner of each doisal plate \veli roundel 
and bearing three short setae. The alinota with the characteristic sutures of 
winged psocids; the dorsum of both with a faintly-marked median suture; the 
anterior margin of the mesonotum almost semicircular and slightly overlapping 
the posterior part of the pronotum. Thoracic sterna (Fig.8) v^ei* developed, 
the prosternum somewhat broadly trapezoid, with two oblique grooves and 
three pairs of setae; the meso and the meta-sterna fused togetnei, to form a 
single plate and bearing six pairs of setae. Wings well developed Forewings 
smoky hyaline, narrow at their bases and broader towards the tips, witu the 
apical margin well rounded, with only two faintly-demarcated longitudinally- 
running veins. Hindwin^ narrower and somewhat tapering towards their 
tips. Membrane of both wings minutely punctate, devoid of any hairs. Legs 
(Fig. 9) yellowish brown, the tarsi and the daws lighter in colour. Femora 
flattened, the hind ones more so. Throchanters short and fused with the 
femora. Hind tibiae with a few long bristles of unequal size along their outer 
margin besides the ordinary fine hairs. Tarsi three-jointed Hind tarsi almost 
in the ratio 2:1:2. Claws with a distinct preapical tooth. 

Abdomen elongate-oval in outline, dorso-ventrally flattened, ydlowish- 
brown; segments seven to ten bearing bristly hairs of unequal size. Paraprocts 
and telson reduced in size; the former without any distinct sense-field or 
trichobothria. 

Apterous females :—Resemble the alate ones to a remarkable extent, but 
can be readily separated by the absence of ocelli and wings. Further, they 
have comparatively smaller eyes (1,0.9 • ^)* with fewer ommatidia. 

Apterous males :—the same general characters as the females but are 
smaller, possess smaller eyes (1.0,13:1) and have a lighter colouration. They are 
also, like the apterous females, devoid of wings and ocelli. Besides* they 
possess transverse rows of very long bristly hairs on the ventrdl surface of the 
abdomen, towards the tip; the number of bristles in each row appear to be 
variable. 

Pearman has pointed out (in lit) that my specimens might possiblv 
be identical with Tropusia oleagina recorded by Hagen from Ceylon. But, after 
a comparison with Hagen's figures, for a copy of which I am highly indebted 
to Pearman, I am unable to agree with him. My specimens differ distinctly 
from Tropusia oleagina in the sha^ of the prothorax and that of the maxillary 
'picks' and in the absence of denticles on the daws and of the anal hooks. 

The number of meso-meta-stemal bristles in my spedmens agree somewhat 
with that of Embidopsocus {Stenotroctes) needhami (ENDERr,BiKr, I9o5.pl.3.f.3o), 
but in that there are two short fine hairs towards the base and an extra bristle 
on the left side which are absent in my spedmens. Further, in my qiecimens 
there are three pairs of pro-stemal bristles, whereas in £nderlein*s figure he 


* I...O. is used after Pearman [vide: Siylops, 3 ( 6 ): 121^ 1934.} 
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has shown only two pairs. Besides, my specimens are smaller in size than 
the specimens of Enderlein. Again, E, needhami has been recorded only from 
Africa. I, therefore, regard my specimens as quite distinct from those of 
Enderlein. 

Family Pachytroctidae * 

The following characters are noteworthy : Median epicranial suture quite 
distinct. Eyes subspherical, with comparatively more facets. Ocelli present 
only in winged forms, three in number and forming a small equilateral triangle. 
Antennae relatively longer than the body; the first few flagellor segments 
without rings, the distal ones distinctly annulated. Pronotum narrow, un¬ 
divided and collar-like. Alinota undivided (apterous forms) or divided by the 
characteristic sutures of winged psocids (alate forms). Wings well developed 
or totally wanting; some species showing a distinct alary dimorphism. Wings 
narrow, with the apices U’ell rounded ; venation distinct; stigmasac wanting; 
pterostigma undifferentiated; rs and m, both only once forked in forewings; 
areola postica narrow, sub-rectangular and lying somewhat parallel to the hind 
margin of the wings; cug and la having separate endings on the wing margin; 
cu, fused with m+cui the wing-base. Hindwings without a closed basal 
cell. Legs long and slender; femora normal. Trochanteral setae present. Abdo¬ 
men fusiform or sub-spherical. 

The Pachytroctidae, according to the opinion of Pearman (in lit), are divisible 
into two subfamilies. These may be separated out by the following key: 

1. Kyos with groups of rod-like hairs arranged in combs between the facets ;rs 

and in of the forewings fused over a stretch ; abdomen snb-globular. 

...Peritboctinae. 

—. Eyes bare; rs and m of the forewings connected by a crossvein ; abdomen long 
and fusiform.*... Pachytboctinab. 


Subfamily Peritrootinae 

This subfamily is represented by the genus Peritrocies; possibly Nympho- 
troctes also belongs to this subfamily. 

Genus Pe^troetes Rib. 

Ijll, Peritroftes^ Ribaga, Bedia, vii. loG-171, figs. 5 & G 

This genus is at present known by only two species, the genotype, P, natalen- 
sis Ribaga (1911), recorded from Natal (Africa) and P. cochinenis Menon (1938), 


♦ Since the preparation of this paper I have come across hosier’s contribution 
[Zool. 129 1,9/10): 225-243. 1910] wherein he distinguishes the subfamilies Tipinellinae 
and Pachytroefcinae. In the light of the occurrence of alary dimori)hism in some genera 
of this family I have already shown f Pm. Imliati Acad. JScL 8 (4): 2b‘G. 1938] the recogni¬ 
tion of these subfamilies would lead to the assignment of winged forms of a particular 
species to the Tapinellinae and wingless forms of the same species to the Pachytroctinae. 
Prom a careful comparison of the descriptions of Psyllotrocfes plaumani Hosier and 
Pachytrocte^ bf asiliamts Rosier I am afraid this veryerror has been committed by Hosier. 
The close similarity between these two, corroborated with the fact that both these have 
been collected from the same locality about the same time by the same collector lead me to 
beleive that possibly Psyllotroeies ylaummii Hosier is nothing but the winged form of 
Pa(hyiroete 9 brasiliamts Hosier! If this be so the generic name Psyllofrocfcs should become 
a synonym of Pacfwtmtes and Hosier’s species should be known as Pueyit'oetes plaumcmi 
1 Rosier). 
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from Cochin State (India). The African species is known in the apterous form 
only, whereas the Indian species is known in both the apterous and the alate 
forms, 

Peritroctes cochinensis Menon. 

Peritrocies cochinensis Menon, Proe. Indian Acad Sci. (B) 8 ( 4 ): 

The Indian species differs from the genotype mainly by the peculiar form 
of the head and the darker colouration. 

Subfamily Pachytroctinae. 

The Pachytroctinae are composed of the genera TapineUa, Psylloneura, 
Pachytrociis, Psacadium, Nanopsocus, Paleotroctes, and Cuixa (?). Of these, 
Paleotroctes has been recorded as fossil in Baltic amber. 

The pachytroctinae have been known from, India only by the genus 
Psacadium, In this contribution I am able to record TapineUa ^so from this 
country. 


Genus Psaeadiam Enderl. 

1908. Psaeadiiwij Enderlein, G,, Zool. Anteitj , 33 . 

The genus Psacadium differs from all the other genera of Pachytroctinae 
mainly in having very long and thin antennae. Winged forms with first segment 
of sc wanting in the forewings, Xi present in the hindwings and the membrane of 
both wings minutely punctate. 

This genus is at present known only by two species, viz., P. hilimhatum 
Enderl., the genotype, recorded from Formosa and P. georgi Menon, from 
Cochin State (India.) 

Psaeadiam georgi Menon. 

1938. Psacadium georgi, Menon, R., Proc. Ind. Acad, inc?., (B) 8 ( 4 ) 280-283. 

The Indian species can be readily distinguished from the genotype, 
P. hilimhatum Enderl, by its more or less uniform ferruginous colouration, with 
a transverse band of creamy-yellow over the segments three to five of the 
abdomen. P. hilimhatum is wbitish-to ochreaceous-yellow, with broad brownish 
bands running longitudinally along either side of the body. 

This species was originally recorded from Cochin State, I have it now 
from Bombay also. 

Genus TapineUa Enderl. 

1908. Tapinelktj Enderlein, G. ZooL Anxeiy.^ 33 . 

This genus differs from Psacadium by the shorter antennae and the 
close-set rod-shaped inicrotrichia of the wings; further, first segment of sc which 
is absent in Psacadium is usually present in the forewings; in the hindwings r^ is 
vanting. 

In this connection I wish to point out that Psylloneura wiUiamsi Banks 
(1931) appears to belong to the genus TapineUa, since rj is not present in the 
hindwings of that species. In Psylloneura, present and forms a distinct 
vein (Enderlein 1903). 


‘Indian J. Ent, 4 ( 1 )’ 
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Tapinella has not been recoided from India. But, I have one species of 
this genus in my collection viz,, Tapinella fotmosana Ended. 

Tapinella formosana Enderl. 

1908. Tapinella formosana^ Enderlein, G. Zool. Anxeiff., 33 774. fig. 1 

Several $? specimens. Loc.—Bombay City and Tripunithura (Cochin 

State). Collect^ at different times. From dry foliage on ground. 

length of the body: i.2 mm. Length of the forewings. 1.25 mm. Ender- 
lein’s description of this species is rather short. Hence, I take this opportunity 
to give a detailed description, based upon my specimens: 

Head (Fig. 12) more or less triangular in outline, almost as broad as long, 
brownish yellow. Median epicranial suture distinct; frontal sutures w anting. 
Surface of the head bearing short fine hairs. Vertex of the epicranium smoothly 
rounded. Clypeus very tumid. Eyes moderately large, i.o 4 :1 (approx.), hemi¬ 
spherical, situated at the hind corners of the head. Ocelli three, slightly pinkish, 
close together, forming a small equilateral triangle, flush with the surface of 
the head. Antennae fifteen-jointed; the scape and the pedicel sub-equal, short 
and somewhat bulbous; the flagellar segments long and cylindrical; the fifth 
to the last flagellar segments distinctly annulated (Fig. 14); segments with close- 



Figs. lV-15—‘Tapinella formosana Euderl. 

11. Wing-venation; 12. Head (dorsal view); 13. ^laxillary‘pick’; 14. part of antenna 
snowing annulatious; 15. UtlasUlary palp. 
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set micptricliia and a few fine hairs at long intervals. Maxillary ‘picks’ (Fig. 13) 
sub-cylindiical, apically with three tines, of which the outer-most is the 
longest. Maxillary palpi (Fig. 15} four-jointed, with scattered bristly hairs, 
brownish-yellow;* last segment elongate-oval, somewhat narrowed from the 
middle towards the tip. 

Thorax yellowish-brown. Pronotum narrow, collar-like and undivided; 
visible from the dorsal aspect. Alinota well developed; mesonotum about 
twice as long as the metanotum; both with the characteristic sutures of winged 
psocids. Wings (Fig. 11) narrow at the base and broader towards the tips; 
the wing-apices well rounded; membrane hyaline, with smoky-yellow veins, 
with closeset rod-shaped microtrichia on both sides; forewing-margin with a few 
microscopic, fine, straight hairs, at long interv’als. Forewing-venation; first 
segment of sc short and distinct; distal segment of sc, r^ and relatively short, 
straight and oblique: pedicel of the radial forks about two-third as long as r^+5; 
rs and m connected by a short cross-vein; and the pedicel of the median forks 
subequal; cUj a long and nmning almost parallel to the hind margin of the wings; 
CU2 and la having separate ending on the wing-margin; la rather faintiy 
demarcated. ^ Hindwin^enation: r, m, and cu fused together from the wing-base 
to form a main stem-vein from which their distal parts take off; r4-|-5 long and 
more or less straight; m relatively long; Tj absent. Legs long and slender; light 
yellowish-bmwn. Trochanteral setae present. Tarsi three-jointed. Hind tarsi 
in the ratio 13:4:4. Ctenidia wanting. Claws straight and slender, with a 
distinct preapical tooth. 

Abdomen somewhat fusiform, creamy-yellow. Paraprocts reduced in 
size, without any sense-field or trichobothria. Subgenital plate of the female 
with rounded posterior margin, beset with uniform-sized, short, bristly hairs; 
with a distinct large chitinised T-shaped area on the inner side. 

Group PSOCATROPETAB. 

Small to comparatively large psocids, clothed with long shaggy hairs. 

Head sub-triangular, or more or less broadly oval, in outline. Median 
epicranial suture distinct; frontal sutures w’anting. Vertex of the epicranium 
smoothly rounded. Surface of the head with moderately close-set, long, shaggy 
h^rs. Eyes small or large, with a varying number of ommatidia; the cornea 
without hairs. Ocelli three, rather wide apart, forming a small triangle, flush 
with the surface of the head. Antennae long, slender and fragile; the scape 
and the pedicel short and stout: flagellar segments many in number, long and 
cylindrical; each segment bearing a few bristly hairs, sometimes with 
annulations. Maxillary ‘picks’ sub-cylindrical, apically produced into three 
distinct tines. Maxillary palpi four-jointed; the first and the third segments 
short, the second and the fourth much longer than any of these; all segments 
with uniform-sized hairs; second segment without any sense-spur: last segment 
hatchet-shaped. Labial palpi distinctly twro-jointed. 

Pronotum narrow and collar-like; in brachypterous foims better seen 
from the dorsal aspect. Alinota with the characteristic sutures of winged 
psocids. Wings well developed or reduced; the wing-margins broadly chitinised, 
sometimes wit£ a pattern of rows of elongated pits (Psyllipsocinae); membrane 
of both wings minutely punctate; hairs present usually on the veins as well as 
margin; pterostigma and stigmasac not w'ell demarcated; venation variable 
according to the amount of reduction in the size of wings; in the normally 
5 ‘‘Indian J. Ent..4Ur 
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developed forewmgs; rs once forked, m with the usual three branches, cUj forked, 
the forks relatively long and straight; cu^a only slightly canned (never arched), 
cu^ and la ending together in a nodulus on the wing-margin. In the normally 
developed hindwings; m forked and the branches arising from a common 
pedicel. Legs long and slender. Meso-coxae with or without inter-locking 
device. Hind-coxae with small stridulatory areas. Tibiae long and cylindrical, 
bearing several short spinous bristles besides the ordinary hairs. Tarsi three- 
jointed. Ctenidia w anting Claws with or without preapical teeth. 

Abdomen somewhat fusiform. Both the subgenital plate of the female 
and the hypandrium of the male large, simple and somewhat hood-like. Outer 
gonopods of the ninth segment of the female large and broad, bearing several 
long bristles; the inner gonopods reduced and membranous, without bristles. 

Pearman has recognised two divisions under this Group, viz., Scoliopsocida 
and Psocatropida. 

Division SCOLIOPSOCIDA 

The Scoliopsocida comprise the family Scoliopsyllopsidae, which contains 
only one known genus, viz, Scoliopsyllopsis. The genus is at present known 
only by one species S. lateridli Enderlein (1912) found living inside caves in 
France. This is a comparatively large species, fully developed ones having a 
forewing-length of 57 mm. and a body-length of 4 mm. ( Ended. 1915. p. 49). 
Recently, Ball (1936) has shown that Scoliopsyllopsis is identical with 
Pfionoglaris Ederlein (1909) and what was described by Enderlein as 
Prionoglaris stygea (Genotype) is only the nymphal form of Scoliopsyllopsis 
latreilh. 


Division PSOCATROPIDA 

Consisting of comparatively small psodds, having a body length of about 
mm. Adults show variations in the wing-development, but never totally 
apterous. Other characters as given for the group. 

Under this division only one family, the Psocatropidae, has been recognised 
by Pearman. 

Family psocatropidae 

Characters of the family as given for the division. 

The Psocatropidae comprise the genera Psocatropos Ribaga (1911), 
Doty pietyX Aaron {1883), Psyllipsocus Selys Longchamps (1872), Parempheria 
Enderlein (1906) and VoUurops Townsend (1912). The differences in the struc¬ 
tural make-up of these genera necessitate a division into two subfamilies as 
follows’ 

1 . Relatively smaller forms, with acute wings-tips; wing-margins chitinised, but 
without any distinct pattern; eyes small, with fewer factes, somewhat morruli- 
form; Antennae with many segments (abovfc fifty}; meso-coxae with inter-locking 
arrangement .. ....PsocATuopixaE. 

Relatively larger forms, with well rounded wing-tips; wing-margins chitinised, 
with a distinct pattern of rows of elongated pits; eyes large, with more 
facets, elongate oval in outline; antennae with relatively fewer segments, 
the flagellar segments annnlated; meso-coxae without inter-locking arrange- 
.-.*...PSYLLIPSOCINAB, 
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Subfamily Psocatropinae 

The Subfamily is typically represented by the genus Psocatropos. 
Dorypteryx and probably Volturops also belong to the psocatropinae. 

So far, I have been able to collect only the genus Psocairopos from India. 

Genus Psocatropos Rib. 

1901, Psocatropos, Ribaga, Ret. Patol. Veg., 8: 156—157. 

1903, Axinopsoeiis, Enderlein, ZooL Jahrb., 19 (1): 2—3. 

1931, Oambrella, Enderlein, Tt'ans. Linn 80 c. Londno, 19 (2): 221. 

?, 1900, Psocinella, Banks, Ent. Neics, p. 431. 

Psocairopos can be readily distinguished from the other two genera by 
the relatively broader wings with more complete venation- Wings, even when 
fully developed, hardly extend beyond the abdomen. Body-form somewhat 
peculiar, the head and the thorax together making an angle with the abdomen 
and thus presenting some sort of humped appearance. The head, thorax and 
the margins and veins of the wings, bearing long, shaggy hairs. Meso-coxae with 
inter-lodbdng device. Meta-coxal stridulatory area very small and bearing 
prominent teeth. 

Enderlein (1908) has shown that Axinopsocus Enderl. fi903 a) is synony¬ 
mous with Psocairopos. He regarded Psodndla also as identical with this 
genus ; but Banks (1929), in his classification of psocids, has pointed out that 
Psocinella differs from Psocairopos in the relative lengths of the hind femora. 
How far this character alone should be looked upon as of genetic significance 
is yet open to question. 

The genus Ganibrella was erected by Enderlein for a single specimen of 
G. pilipennis from Seychelles. From Enderlein*s description the only difference 
I note between the genera Psocairopos and GambreUa is the presence of an r^-rs 
cross-vein in the latter. I have several specimens agreeing in all det^ 
with Enderlein's Garnbrella pilipennis ; though most of them show exactly the 
same type of forewing-venatipn as noted and figured by Enderlein, venational 
variations are not uncommon. Among them several specimens show the type 
of venation characteristic of Psocatropos. I, therefore, do not hesitate to regard 
GambreUa also as identical with Psocairopos. 

Psocatropos pilipennis (Enderl.) 

1931, Gramhrella pilipennis, Enderlein, O.— Trans. Linn. Soc. London, pp. 
221-222. Fig. 6. 

Several specimens (<? cf & 59 ). Eoc.—Bombay City. Commonly found 
living on the crevices of w^ls inside houses. Eength of the body; i*i—1*4 mm. 
Eength of the forewings: i mm (approx, variable). Head broadly oval in 
outline, light yellowish-brown. Median epicranial and the frontal sutures not 
clearly^ demarcated. Surface of the head bearing moderately close-set long 
shaggy hairs. Vertex of the epicranium smoothly rounded. Eyes relatively 
small, somewhat mormliform, deep brownish-black, bare. Ocelli three, reddish- 
browm, close together, flush with the surface of the head. Antennae long, 
many-jointed, very fragile; the scape and the pedicel short and stout; flagellar 
se^ents long and cylindrical, progressivelly shorter towards the tip. Maxillary 
'picks' (Fig. 19) sub-cylindrical, apically produced into four tines and short 
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denticles between them. Maxillary palpi (Fig. i8) four-jointed; last segment 
long and hatchet-shaped; all segments bearing bristly hairs of uniform size. 

Thorax yellowish-brown. Pronotum very much reduced; in fully-winged 
forms, hardly visible from the dorsal aspect, Alinota narrow and undivided 
(brachypterous forms) or with the characteristic sutures of winged psocids 
(fully-winged forms). Wings with broad bases and narrowed tips, with the 
apices bluntly acute; different individuals showing grades of wing-development 
(brachyptery) and consequently venational variations (Figs. 24-27). Wing- 
margins well chitinised. bearing one series of long shaggy hairs; all veins of 
forewings, except cug, also bearing one series of hairs; only the apical margin 
of the hindwings beanng hairs. Hindwings much reduced or totally wanting. 
Venation : in the normally developed wings (Fig. 23) distal segment of sc short 
and straight, stigmasac w’anting, pterostigma undifferentitated, rj relatively long 
and straight, rs forked, r^ and rs connected by a cross-vein, rs and m meeting 
at a point or fused over a very short stretch; m three-branched, cuj forked, the 
forks running rather straight, CU2 and la ending together in a nodulus. Among 
variations the following are note-worthy: distal segment of sc and r^ apparently 
arising from a common pedicel, rs simple, m only once forked and cuj simple, 
lyegs (Fig. 21) rather long and slender, light yellowish brown. Femora slightly 
flattened. Meso-coxae (Fig. 20) with inter-locking device. Meta-coxae with small 



Figs, 16-22.—Pifoca#rqpo5 pilipennis (Enderl.) 

16. Mandibles: 17. Labium; 18. Maxillary palp; 19. Maxillary‘Pick; 20. Meso-coxae: 
21. Meta-thoracic leg; 22. Claws. 
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stridulatory areas composed of a few prominent teeth. Tibiae long and cylin- 
dri^l, beaming short spine-like bristles. Tarsi three-jointed. Hind tarsi in the 
ratio 5|: i: i. Ctenidia wanting. Claws (Fig. 22) with a distinct preapical tooth. 






Figs. 23-27. Psoeatropos pUipennis (Enderl.), 

23. Normal wing venation; 24-27. Venational variations in forewmgs. 

Abdomen yellowish-brown, with brownish mottling, held at an angle to 
the head and thorax so that the animal appears somewhat humped. Paraprocts 
with a distinct ‘appendix analis’, without any sense-field. The hypandrium 
of the male (Fig. 28) and the subgenital plate of the female large, simple and 
somewhat hood-like. Gonopods of the ninth s^ment of the female (Fig. 29) 
composed of two valves; the outer valve broad and bearing several bristles as 
figured; the inner valves narrow, blunt and membranous. 


Subfamily Psyi^iIpsocinab 

The Psyllipsodnae comprise the genera PsyUipsocus, at present known 
from Europe (England, Germany and France) only, and Parempheria, recorded 
from the Oriental region (Formosa, Japan and the Hawaiian Islands). From 
the descriptions of these two genera, it is rather difficult to distuinguish one 
from the other. ‘ The only difference, as far as I can make out between the 
two, lies in the nature of the marginal hairs on the forewings. On this basis 
I place my specimens collected from India under the genus Psyllipsocus. 

Genus Psyllipsocos Selys. 

1872, Psyllipsoeiis, Selys Longchamps, Ent^ Month, Mag.f 9 » P. 145. 

Ps^Uipsocus is separated from Parempheria by the nature of the marginal 
pubescence on the forewings. In the former there are only a few hairs in a 
single row, whereas in the latter the forewing-margins are densely pubescent 
with the hairs arranged in many rows. 
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Psyllipsocus has not been previously recorded from this country. ^ 

have in my collection, two species belonj^ng to this genus, both of them distinct 
from the genotype, PsyUipsocus taftihuti Selys. 



Figs. "^^.--Psocatropos pUipemia (Enderl.). 

38 . Ventral view of the tip of c? abdomen showing the hypandiium; 29 . ? gonopods. 

Psyllipsoeus homhayensls, sp. n. 

4 specimens. Loc,—Bombay city. Collected at dhBferent times from walls 
inside houses while at rest. length of the body: i’4 mm. Length of the 
forewings : i'49 mm. Head somewhat triangular in outline, with the hind, 
comers well rotmded, yellowish-brown. Median epicranial suture distin^; 
frontal sutures wanting. Surface of the head bearing long, shaggy hairs. 
Vertex of the epicranium smoothly rounded. Eyes large, 1.0.3 : i, elongate- 
oval in outline, extending as far as the hind corners of the head, brownish-black 
with creamy-yellow facets; the cornea devoid of any hairs. Ocelli three, 
ferruginous-brown, rather apart and forming a small equilateral triangle, flush 
with the surface of the head. Antennae many-jointed, long and very fragile ; 
Che scape and the pedicel short and stout, the latter about twice as long as 
the former; the flagellar segments (Fig. 31) long, cylindrical and annulated, 
the joints somewhat lighter in colour. Maxillary ‘picks' (Fig. 32) sub-cylindrical, 
apioally produced into three tines. Maxillary palpi (Fig. 33) four-jointed, 
yellowish-brown, terminal-segment long and somewhat hatchet-slmped ; segments 
bearing scattered fine long hairs 
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Thorax yellowish-brown. Pronotum reduced and not clearly visible from 
the dorsal aspect. Alinota with the characteristic sutures of winged psocids. 
Mesonotiim bearing long shaggy hairs. Metanotum bare. Wings (Fig, 30) well 
developed in all the specimens collected; membrane of both pairs hyaline; 
veins yeUowish-brown ; margins well chitinised, with a distinct pattern of rows 
of elongated pits; forewings with a few scattered hairs along the margin as 
well as the veins; hind wings without hairs. Forewing-venation: distal se^ent 
of sc is rather short and runs almost perpendicular to the costal margin; 
straight and nearly three times as long as distal segment of sc, connected with rs 
by a short cross-vein dividing the cell Rj into two, a basal iRj and a distal 2Ri; 
iRi about 2 J to 3 times as long as broad; rs and m fused over a stretch ; cUia 
from 4^ to 5 times as long as cun,; cug and la ending t<^ether in a nodulus on 
the wing-margin. Hind wing-venation: rj leaves r before it meets m, rs and m 
fused over a stretch; pedicel of the radial forks much longer than r4-}-5; ^ m 
forked, and the pedicel of the median forks sub-equal, and m^ about twice 



Figs. 20-SZ,—PsifUtpsocits bombayensis, sp. n. 

30, Wing venation; 31, Basal part of antenna; 32, Maxillary ‘pick'; 33. Maxillary palp. 
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as long as any of these; cu^ faintly demarcated. Legs long and slender, 
3’ellowish brown. Meso-coxae without any inter-Iocking device. Tibiae and the 
j&rst tarsal segments of all legs bearing short spines besides ordinary hairs. Tarsi 
three-jointed. Ctenidia wanting. Hind tarsi in the ratio 14:3:3. Claws with a 
distinct preapical tooth. 

Abdomen somewhat fusiform, yellowish-brown. Telson sub-trianguhr. 
Paraprocts with a stout and distinct 'appendix analis*. Outer gonopods of the 
ninth s^ment of the female (Fig 34) broad and sub-triangular, wi^ rounded 
apices, baring several long, bristly hairs ; the inner gonop^s poorly developed 
and weekly chitinised. 

This species differs from Psyllipsacus ramhuri Selys, mainly in size and 
venation, A ramhuri has a wing-length of mm, whereas my specimens are 
definitely smaller, hsiving a wing-length of only about i J mm. Further, in all 
my specimens there is present an rj-rs cross-vein which occurs in P. ramhuri 
only as an abberation, distal segment of sc is short and straight, and Tj starts off 
from rs before it meets m. 


F^Hipsoens edentnlus, sp. n. 

I cT specimen, Loc—Bombay city. 2,^.1935, Collected from wall while 
at rest. 

Length «3tf the body 1-43 mm. Length of the forewings 1*49 mm. Head 
more or less triangular, with the angles well rounded, deep yellowish-brown. 
Median eg^cr amal suture distinct; frontal sutures wanting. Surface of the 
head with acatteied long, shs^^y hairs- Vertex of the ejficraniam smoothly 
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rounded. Eyes large, forming a smooth curve with the hind angles of the head, 
I o.2i : I, brownish-black, devoid of hairs. Ocelli three, close together, relatively 
large, forming a small equilateral triangle, flush with the surface of the head, 
pinkish-brown along their inner halves and margins. Antennae long, many- 
jointed and very fragile; the scape and the pedicel shorter and stouter than 
the flagellar segments, the latter slightly longer than the former; the fla^lar 
segments long and cylindrical, bearing a few scattered, bristly hairs. Maxilla r y 
‘picks* sub-cylindrical, apically produced into two tines, the inner one of which 
is smaller than the outer. Maxillary palpi {Fig. 37) four-jointed, terminal 
segment with a more or less straight outer and semi-circularly-curved inner 
margins as figured, all segments besuing bristly hairs. 

Pronotum reduced and not visible dorsally. Alinota well developed, 
dark yellowish-brown, with the characteristic sutures of winged psocids. Meso- 
notum bearing scattered long, bristly hairs. Metanotum bare. Wings (Fig. 35) 
well developed; membrane of both wings hyaline; veins yellowish-brown; wing- 
margins as in the preceeding species, broadly chitinised and with a distinct 
pattern of several rows of elongated pits; veins of the forewings bearing scattered 
long,fine hairs; margins of both wings with a few short, bhmt, microscopic 



Figs. 35 ^—PsyUipsocus edmUdus, sp. n- 
35. Wing venation; 3d. Head (dorsal view); 37- Maxillaiy palp; 38. daw. 
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spines. Forewing-venation: distal segment of sc curved and directed towards the 
wing-base; r^-rs cros-vein present* short and somewhat oblique; iKj almost as long 
as broad; rs and m normal; areola postica much longer and narrower than in the 
above-described species; cu2 and la ending together in a nodulus. Hindwing- 
venation: Xj takes off after the meeting of rs and m, the pedicel of the radial 
forks comparatively very long and the branches short; the pedicel of the median 
forks shorter than the branches; cuj relatively short and running almost 
vertically downwards; la forked as in Scoliopsyllopsis latreilli Enderl. ^gs 
rather long and slender, yellowish-brown. Femora slightly flattened. Tibiae 
and first tarsus of all legs bearing spur-like hairs. Tarsi three-jointed. Ctenidia 
wanting. Claws (Fig 38) more or less straight, without any preapical tooth. 

Abdomen somewhat fusiform, yellowish-brown, with ferruginous-brown 
mottling along the sides. Paraprocts with a sense-field consisting of five 
trichobothria of which the central one is distinctly stouter than the remaining 
ones, Telson sub-triangular, with broadly rounded tip. 

This species can be readily distinguished by the nature of the terminal 
segment of the maxillary palpi, the forked la in the hindwings and the absence 
of the preapical tooth from the claws. It is remarkable that the last two 
features it shares with Scoliopsyllopsis latreilli Enderl, but unlike that species 
sc is distinctly broken up in the forewings and in the hindwings Xa becomes 
free only after the meeting of r and m. Further, Scoliopsyllopsis latreilli is 
a relatively very large species. 
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STUDIES ON INDIAN ITONIDIDAE (CECIDO- 
MYIDAE; DIPTERA) 

VL— Descriptions of new midges and gaees* 

By M. S. Mani, Assistant to tJte Imperial Entomologist, New Delhi. 

This is an account of my recent studies on some gall-midges and their 
galls, received by the Imperial Entomologist for identification from the Forest 
Entomologist, Dehra Dun. Descriptions of two other forms in the Imperial 
Pusa collection are also included here. The types of the new genera and species 
described here are deposited in the Imperial Pusa Collection, Laboratory of the 
Imperial Entomologist, Imperial Agricultural Research Institute, New Delhi. 

Subfamily ITONIDTDINAE 
Tribe ITONIDIDINARIAE 
Subtribe Bifida 
Contarinia dalbergiae> sp. nov. 



Figs. 1-3 .—Contarinia dnlhergiae^ sp. nov. 

1-2. Flagellate antennal segments third to eighth of male; 3. Male genitalia (one half). 


* Parts I-V of these studies were published 
1935,1936,1937 and 1938. 
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respectively in 1934, 
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Male, —0.75 mm. long. Brown. Palpi: all the four segments subequal 
in length. Antennae dark brown, about two and a half times the length of 
body; third, fourth, fifth, sixth, seventh and eighth antennal segments as 
shown in figures i, 2. Wing as in figure 4. Claw weakly bent; empodium 
short. Genitalia as in figure 3 Abdomen black. 



Fig. 4 .—Contarmta daXbergtae^ sp. nov , wing. 


Female. —i.o mm. long. Brown in ^ded specimens. Mesonotum black. 
Antennae hadf the length of body. Ovipositor about twice the length of body. 

Holotype one male, allotype one female, dissected on slides. Described 
from a series of specimens received from the Forest Entomologist, Dehra Dun, 
labelled: “bred from shisham flower buds, Dehra Dun, P. N. Cbatterjee, 
11-24 iv.1941." 

This species differs from the two other species of Contarinia Rondaui, so 
far known from India, in the extremely short empodium of daw and in the 
host plant. 


Sissmdiplosis, gen. nov. 

Palpi uniarticulate. Antennae with 14 segments, all the flagellate 
segments binodose in male ; circumfila loops almost equal to stems of s^ments 
in male. Eyes not separated. Wings spotted as in figure 10; third vein 
uniting with margin at apex. Claws simple on all legs. Male genitalia as in 
figure 8: dorsal plate shorter than ventral plate, broadly divided ; ventral plate 
deeply cleft; basal clasp segment as in figure; terminal dasp segment with one 
tooth apically. Ovipositor long. 

This is the only genus of the subtribe Bifila with uniaritculate palpi, simple 
claws and all the flagellate segments binodose in male. 

Genotyfe,—Stssudiplosts chatterjeei, sp. nov. 

Sissudiplosis chatterjeei, sp nov. 

Male. —I’25 mm. long. Yellowish-brown. Palpus as shown in figufe 5, 
Third, fourth, fifth and fourteenth antennal segments as in figure 6 ; antennae a 
little longer than body. Claw as in figure 9, empodium almost half the length of 
claw. Genitalia as in figure 8, style bluntly pointed and reduced apically. 


* Mani, Rie. Lidian Mus.^ 1934. 
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Figs. 6>10.— Si$sudiplosis chaiterjcei, sp. iiov. 


5. Palpus; G. Flagollate antennal segments third to fifth and fourteenth 
of male; 7. Flagelluto antennal segments third to fifth of female; 8. 
Male genitalia (one half); 9. Claw; 10. Wing, 
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F&tncile, —1.5 mm. long (excluding the ovipositor), yellow. Mesonotum 
brown. Third, fourth and fifth antennal segments as in figure 7. Otherwise 
as in male. 


Holot5^e one male, allotype one female on slides Described from a 
series of specimens received from the Forest Entomologist, Dehra Dun, labelled: 
**bred from leaf of dskam, Dehra Dun, P. N. Chatterjee, 5-10 iv 1941.” 



Fig 11 .—Ptpaldtplosts ptpaldiplosts, sp. nov flagellate 
Aiitcaual segments, thud, flfch, umth, ele\euth 
and fourteenth of male. 


Subtribe Tiufii^a 
P ipaldiplosis, gen. nov. 

Palpi triarticulate. Anten- 
nea with 14 segments, all the 
segments of flagellum binodose, 
enlargements and stems short, 
circumfila in three whorls, the 
second whorl of very short loops, 
first and third whorls with the 
loops relatively longer, but equal 
to the stems of the respective 
enlargements; setae moderately 
long. Eyes not separated. 
Wing hyaline, as in figure 14; 
third vein reaching margin at 
apex. Claws simple on all legs, 
short. Genitalia: dorsal plate 
broad, truncate apically; ventral 
plate very deeply cleft, one 
and a half times longer than 
dorsal plate; basal clasp segment 
very slightly emarginate at the 
very base, densely setose; 
terminal clasp segment slender, 
slightly curved and for other 
characters, as in figure 13, with 
one very heavily chitinised, 
strong tooth apically; style as 
in figure 12. 

Genotype.—Pipaldiplosis 
pipaldiplosis, sp. nov. 


Pipaldiplosis pipaldiplosis, sp. nov. 


Male, —2.5 mm. long. Dark reddish-brown. Mesonotum brown, scutelluni 
lighter. Palpi: first segment very short, subglobose, stout; second segment 
twice the length of first, more slender, broadest at apical third ; third segment 
very slightly longer than second, much more slender, somewhat clavate. Third, 
fifth, ninth, eleventh and fourteenth antennal segments as in figure ii. Claw 
curved subapically, almost as long as the empodium; pulvilli about half the 
length of claw. Apex of lobes of ventral plate broadly rounded, ciliate. 

Female .—^Not bred. 


Holoiype one male on a slide. Bred from the leaf-vein galls on Ficus 
religiosa lyinn., at Delhi, M. S. Mani, 21. iii. 1942. 
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Galls. —The galls produced by this species were recorded by the writer 
iu 1935 {pp. cit., p. 454). The galls were first collected in 1931 at Tanjore and 
later on at Calcutta, but the midges could not then be bred. 

The galls measure (Fig 15 ) 10-50 mm. long and 5 mm. thick. Regtilar, 
ovoid, fusiform, local or extensive, tuberous, often unilateral and cortical, 

general, simple or 
branched, swellings of 
mid-rib, lateral veins, 
etc , of leaf, more pro¬ 
minent on the under 
side than on upper side, 
greenish-yellow when 
young and brown when 
old, often fissured and 
craved; solid and 
ligneous. 

—There ap¬ 
pear to be at least four 
generations in the year, 
two generations being 
completed in early 
spring before the tree 
sheds the leaves for the 
hot weather and two 
more generations are 
completed about Octo¬ 
ber. The eggs are laid 
singly on the under side 
of leaves near about the 
larger veins and the 
ma^ots on hatching 
bore into the veins, 
giving rise to the galls. 
The pupal period ex¬ 
tends to about 6 days 
in spring. The total 
life-cycle occupies about 
a fortnight. 




Figs 12-14.— Pxpaldiplosts ptpaldiplosiSi sp. nov. 
32. Palpus; 13 Male genitalm; 14 Wmg. 


Distribution.' 
all over India. 


-South India, Bengal, Delhi, Mewar and Dehra Dun; possibly 


Species Inccrtae Sedis. 

A new shoot gall on Pyrus malus. An unknown gall-midge lays eggs in 
little clusters on the tender shoot of apple about March-April. The larvae 
hatching from them bore into the cortical tissues of the branches and give rise 
to irregular, globose, ligneous, hard, solid, tuberculate, local, lateral, often 
agglomorated and extensive swellings about 15-25 mm. in diameter, dark brown 
to dark grey in colour and of the characteristic appearance shown in figure 16. 
Numerous elongate-oval larval cavities are found in the solid woody substance of 
the gall. Over a dozen gaU frequently occur on one foot of the branch. 
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Collected from Mussoorie foot Mis, Dehra Dun (U. P.), M. S. Mani, 9 iii 
1941; and also from Ramgarh 6000 ft. (U. P.), H. S. Pruthi, 2y,vi 1939. 

No midge gall has so far been described collected from apple in India. 



Fig. 15. P^aldi^losis pipaldtplosist sp. dot. gall on leaf vein of Ficm religiosa Linn. 
Fig. 16. Solid hijstioid alioot gall of Pyrm viaUis Linn. 
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I.—Introduction 

The Coccinellidae are 'wdl-known to be of great economic importance 
because the majority of them are predaceous on injurious Aphids, Cocd^, 
mites, etc Members of a relatively small sub^family Epilachninae are, however, 
herbivorous and occur as serious pests of biinjals and cucurbits in India. The 
predaceous Coccinellids have been successfully employed in the biological control 
of some injurious insects and the first spectacular success in this method of 
control was achieved in 1889 in California by employing the CoccmelHd, Rodalia 
cardinaiis (Muls.) for combating the fluted-scale, Icerya purchasi Mask. In 1929 
this notorious scale insect was also discovered in India in the Nilgiri Hills where 
Rodalia cardinaiis imported from California combated the pest with some 
substantial success. (Ayyar, 1940 ). Cryptdaemus motUrouzUrd Muls. is another 
very small Coccinellid which has also been highly snccessfnl in controlling 
Pseadococcus ciiri (Risso), a serious pest of citrus in California and elsewhere. 
Ayyar ^ 1925 ) in the course of his studies on the Indian Cocddae discovered the 
very important part played by these beetles in controlling scale Insects and 
recommended th^ ‘*a thorough study of the bionomics of such Coccinellidae 
inhabiting any tract will prove of great benefit to economic entomologists who 
are anxious to try biological methods of control'' 
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Very little attention lias, however, been paid to this group by workers in 
India, Although over 300 species are kiown from this country, stray notes on 
the bionomics and life-histories of a few species only are available; these are by 
I/cfroy (1909) on Coccinella septempunciata (L.), ChUomenes sexmaculata (Fabr,), 
Sqymni^ xerampelinus Muls. and Brumus suturalis (Fabr.); by Fletcher (1916 and 
1919) on Thea cincta Fabr., Sumnius terntdi Ws* and? Bnmus suturalis ; and by 
Ayyar (1925) on Scywwtis andrmesi ab. coccivora Ramkr, 

At the su^estion of Dr. H. S, Pruthi, Imperial Entomologist, I undertook 
the study of the bionomics of Admia variegaia (Goeze), Brumus suturalis (Fabr.) 
and S(^^nus quadriUum Motsch., which are common in Delhi and the Punjab. 
In the course of rearing these Cocdnellids I found several important Chalcidoid 
parasites, brief notes on which are also given, I have followed Gage (1920) for 
terms used to describe the armature of the bodywall of the grubs. 

This work was carried out while undergoing post-graduate course in the 
Entomological Section, Imperial Agricultural Research Institute, New Delhi, 
and I take this opportunity of expressing my grateful thanks to Dr. H. S. 
Pruthi, for his guidance and for providing facilities for work; to Dr. Taskhir 
^mad for his valuable help and kind supervision; to Mr. M. S. Mani for the 
identifi^tion of some parasites and to Mr. P. Narayanan who made sketches 
with his usual skill under my supervision. 

n— Adonia variate (Goeze), Tribe Hippodamiinl 

DlSTRIBXmON, SKASONAI, OCCURRENCE AND HOSTS 

This palaearctic species is also recorded from China, India and Africa. 
Its first* record from India appears to be that by Mulsant (1850), who described 
it Adonia douhtedayi, which is now recognised as a subspecies of A, variegaia. 
The colour pattern in this species is very variable, with the result that it has 
been described tinder several different names and there are also about a 
hundred recognised aberrations,. -As far as the Indian record is concerned, 
Stebbing's (1914) account of Bippodamia- variegaia Gdze var. doubledayi Muls. 
and H. consteU^ (Daich.) (not Crotch as mentioned by Stebbing) refers to this 
species. In India the species has been recorded from the northern parts only, 
viz,, Siweliks, Kashmir, the Punjab, Debra Dun, Mussoorie, Delhi, Fort Sandeman 
(Bcduchistan), etc. 

Adonia variegaia is found in the Punjab and Delhi from about March to 
October. It is mainly an aphidivorous form and its occurrence thus depends to 
a large extent upon the presence of aphids. It is more common in lyahore than 
in Ddhi. In Kashmir it is well distributed and has been found at places varying 
in altitude from 4500 to 9000 ft. during the summer months. 

In the month of March the adults appear in the field ifr*Delhi and feed on 
aphids. The beetles breed freely and increase within a short time and continue 
to be common up to July. They become active again in autumn in Delhi. 
In I^ahore also in the month of October (1936}, grubs, pupae and adults of this 
species were collected from colonies of the aphid, Brachyunguis hermala Das, 
infesting harmal [Peganum harmala), 

Adonia variegaia has been observed by the writer to feed on the following 
species of aphids:— 

I. Myzus persicae (Snlze) on radish, peach, rape, mustard, cabbage, cauli¬ 
flower and turnip, in Ivahore and Delhi. 
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2. Aphis modvae (Koch) on cotton, hollyhock and several cucurbitaceous 

crops, in I^ahore and Delhi 

3. Btachycaudus pruni (Koch) on peadi, in Irahore. 

4. Brachycaudus hermala Das, on harmal, in I^ahore. 

5. Hyaloptems airiplicis (Linn.) on Ckenopodium alba, in Delhi. 

6. Eriosoma lanigerum (Hausm.) on apple, at Srinagar, (Kashmir). 

Stebbing records its hosts as the 'aphis of the peach tree', ‘the blue pine 
„ aphis'or ‘the spruce and silver-fir' {(Zhermes Mma&ayensii^. Outside India the 
followii^ s|^es are known to be preyed upon by this lady-bird: In Russia on 
Aphis brassicae (L ), A. laburni Kalt., A. gos^pii GIov., A. fiava Nevs., Toxopiera 
graminum (Rond.); in France and Arnica on MacrosiphufH leptadwinae; in 
Britain and E. Africa on Eriosoma lanigerum and in Italy on E. inopinalum^ 

Life-History 

General observations on the behaviour of different stages in the life-history 
of Adonia variegata were carried out in the fields of the Imperial Agricultural 
Research Institute, New Delhi, as well as in the insectary, where the species 
was also studied at two constant temperatures, 25®C and 32°C. 

Copulation and oviposition ,—^The precopulation period in the laboratory 
in Mardbi and April (avg. mean temp. = was three and the preovipoa- 

tion period six days. Mating took place at different intervals during the 
day and if food was abundant the b^tles continued to copulate and oviposit 
throughout their Hfe. Fertile e^s were laid for about a fortnight after 
copulation; later on only infertile eggs were laid. Another mating, however, 
restored the fertility of the e^s. 

Eggs (PL I, fig. i) were laid vertically in batches consisting usually of 
sdxteen to twenty-four eggs but sometimes the number per batch was as low as 
four and as high as forty-two. The eggs were laid generally on the under-surface 
of leaves and twigs both in the field and in the laboratory. 

Table I below gives the oviposition figures based on average of eight 
pairs in each case under laboratory conditions and at 32®C. and 25®C. constant 
temperatures. 


Table I. 

Showing the fecundity of Adonia variegata at different temperatures. 


Laboratory mean 
temp. 29*6®C 

32®C 

j 25‘»0 

Max. 

Min. 

Avg. 

Max. 

Min. 

Avg. 

Max. 

Min. 

Avg. 

610 

307 

440 

270 

271 

274 

304 

234 

269 
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PLATE 1 —Adonia itartegaia (GSze) 
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The Egg .—The egg (fig. 2) is cigar-shaped, i.oo mm. long, and 0.35 mm. 
broad; yellow, with smooth and shiny sniface. 

At the time of hatching the chorion of the egg cracks irregularly in the 
subapical region and the young grub wri^les out. The incubation period 
was 2.0,1.5 and 2,2 days for laboratory temperature (mean) 29.6®C., 32®C. and 
25°C. constant temperatures respectivdy (based on average of over 100 ^gs 
in each case). 

The Grub .—Newly hatched grub (fig. 3) is 1.5 mm. long, 043 mm, 
broad across the metathoradc segment, sub-depressed, fusiform and widest at the 
metathorax; it is green in colour with the head darker. Stem of epicranial suture 
absent, it being represented only by the arms which diverge immediatdy fnan 
occipital foramen. Three dark coloured ocelli situated in a triangle on each 
lateral aspect of the head and a little above the antennal fossae; antennae 
three jointed, less than twice as long as wide; antacoriae protuberant 
and easily mistaken for the first segment; scape cylindrical and wider 
than long; pedicel less wide; fl'^gellum borne at its subapical r^on and 
has tactile setae and sensoria at ife tip. Dorsal shield of the prothoisoc laigp 
and covers the greater part of dorsum. It is lightly chitinized and bears seve^ 
large chalazae fig. 3 (a) and many small setae. In the meso-and metathorax 
the dorsal shield is present as a raised oval area and bears several setae. The 
legs are relatively long; coxal fossae being slightly oval, the coxae are attached 
by membrane; procoxa bears a few scattered but prominent setae; protrochanter 
is short and triangular and bears coarse setae; profemur is fairly setaceous on 
its dorsal, caudal and cephalic surfaces; protibia is also setaceous and its 
distal region bears club shaped setae called the ''tenent hair**. The latter 
secrete some mucilage and aid the larva in having a firm hold on the sub¬ 
stratum over which it walks. Protarsus is obsolete. Eight pairs of abdominal 
spiracles on segments one to eight are located on the cephalic margin of each 
tergum between the dorsolaterS and lateral chalazae. Repugnatorial pores 
are situated on each lateral margin of the tergum in the coria between the 
s^^ments one to eight. The armature of the abdominal s^ments consists only 
of chalazae and setae. The average duration of 1st. Instar based on 25-15-25 
grubs at laboratory, (avg. mean) 29,6®C, 32®C. and 25®C. temperatures was 
2.0, 1,0 and 2.1 days respectively (table II). 

The freshly moultpd second instar grub is 2.5 mm. long and 1.8 mm. broad 
across the metathoracic se^ent. Its colour changes to ydlowish-grey, except¬ 
ing the head and legs which turn black; sometimes the ground colour of the 
body gives a frosted appearance. The thoracic teigites each bear a pair of 
sclerotized areas with sensory setae at thdr margins. The first abdominal segment 
also develops a pair of pale >^llow areas on the dorsal side. The duration (based 
on average of 25-15-25 grubs) of the second instar at laboratory (mean) 
29.6°C.-34.6°C. and 32°C. temperatures was one day each while at 25®C. it 
remain^ 2.1 days (table II). 

In the third instar the grub measures 3.5 mm, in length and 1.2 mm. in 
breadth when freshly moulted. Its body colour changes to stone-grey while 
the head and legs remain black in the 2nd instar. The pale areas on the first 
abdominal segment noted in the second instar also assume light orange colour. 
The grub in this instar is very active and its duration was almost equal to that 
of the second instar as given in table II. 
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The freshly emerged fourth iustar (fig, 4) is 6.2 mm. loug ami 1.8 mm, 
broad across the metathoracic segment. Its body colour remains the same as in 
the previous instar except that the posterior and lateral parts of the prothoracic 
tergites and the front of the head assume light orange colour. The abdominal 
segments first and fourth to seventh also develop light orange colour between 
the dorsal and dorsolateral group of setae on either side. In certain well-fed 
specimens the ground colour of the body gives a frosted appearance. The 
average duration of the fourth instar (based on 25-15-25 grubs) was 2.5, 23 and 
3.1 days including about 8 to 16 hours of prepupal stage at the laboratory 
(avg. mean) 29-34’6°C, 32°C. and 25®C. temperatures respectively. 


The pupa .—It (fig. 5) is 4.O mm. long and 2.5 mm. broad; brick-red in colour 
with variable number of symmetrically arranged black spots on body segments. 
Its abdominal segments were capable of movements and when disturbed it 
struck several times s^ainst the sub-stratum to which it was attached, and 
exuded the yellow fluid, as is done by the grub as well as adult beetle. 

The duration of pupal period based on average of 30 pupae in each case 
at laboratory temperature (avg. mean) 29-34-6°C., 32°C. and 25®C. constant 
temperatures was 2.6, 2.4 and 3 2 days respectively. 

The Adult —Goeze while describing the adult of this species stated nine 
spots on and not thirteen spots as subsequent writers, namely Mulsant 

(1846), Weise (1879), Ganglbauer (1899) and Reitter (1911), appear to have 
assum^. This fact was brought to light by Leman in .1921 and inspite of 
it the general conception of there being thirteen spots in Adonia variegaia 
remains unaltered. 


The adult (fig. 6) may be briefly redescribed as follows:— 

Body elongate oval, 4.5 mm. long and 3.0 mm. broad; head not deeply 
inserted, ydlow, with black transverse spot on the vertex, black spots frequently 
have a variable finger-like pair of markings in front; pronotum black excepting 
the white anterior-lateral margin and a pair of spots situated in the middle 
of the pronotum. The white spots in several cases extend and meet the 
anterior white maigin but sometimes they are reduced and disappear in excep¬ 
tional cases. The elytra are red to orange red, scutellum is whitish with a 
common black scutellar spot. In addition to which there are six black spots 
on each elytron. Numbering the spots from the base to the tip of elytron, 
the spot I, 2 and 4 are in a line with linea externa; spot 3 and 5 lie on linea 
interm, the latter i^t, however, extending transversely towards linea media. 
Spot 6 lies at the apical junction of linea interna and media. The size of the 
spots and their pattern is highly variable as a result of which about a hundred 
aberrations of this species are distinguished. Besides the variation in markings 
and pattern of the adults as pointed above, the general colouration of the grubs, 
pu^ae and beetles is subject to variation with changes in temperature during 

development. Individuals reared at 32®C. constant temperature were of 
%hter colour than those reared at 25®C. constant temperature or those developed 
in the insectary or in the fields, ^me stages were reared for this purpose at 
I3®C. 8 l i 6®C. and they developed a much darker shade than either of the 
categories mentioned ab^e. 
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Tabi^ II. 

Skomng the duration in days of development of various stages of Adonia 


variegata at laboratory and constant temperatures. 


Temperature 

Preovi- 

posi- 

tion 

Tncuba- 

1 st 

2 nd 

3rd 

4th 

Pupa 

Adult beetle 

u 

tion 

in star 

instar 

in star 

instar 

Female 

Male 

Lab. mean 
temp. 29-34*6 

5*1 

2*0 

2*0 

1*0 

1*0 

2*5 

2*6 

34*0 

28*0 

32®0 

3*0 

1*0 

1*0 

I'O 

wa 

23 

2‘4 

16*7 

16*2 

25’C 

4*6 

2*2 

m 

2*1 


3*1 

3*2 

25*0 

21*0 


The longevity of the adults based on average of 50 individuals in each case 

constant temperatures as shown in table II 
temperatures. lu. was also different for the two sexes, 
conditions whereas the average life of a female was six days 
more th^ that of male, at 32®C and 25®C constant temperatures thi^ difference 
^reas^ to i 5 and 4 days respectively. This is because the average longevity 
I tne aamts also decreases with the increased temperature. The post-oviposi- 
tion P^od also decreased from 3 days under laboratory conditions to i«5 days 
+ fu T At 32®C the females, however, continued laying ^gs even 

to the last day of their life. Without food the young beetles lived from three 
TO seven days, the average being four days under laboratory conditions 
^xamnation of over a hundred beetles collected from the field as w^ as reared 
xn the laboratory revealed that the sex ratio was 3 males: 4 females. 

Feeding record op the beetles and grubs in dipfersnt instars 

®ode of feeding of the grub and adult is similar. Ilie beetles grasp 
the aphids at any part but very often in the soft posterior region of the abdomen 
and mbble through the body-wall. The inner soft contents of the body are 
eaten bit by bit and the heavily chitinized parts such as the legs and wings etc., 
are left undevoured though in rare instance theste parts are also eaten. 

In e 35 >eriments for testing the feeding capacity of a grub or an adult 
^tie, nymphs of Myzus persicae (Sulz.) were used as food without exception. 
Medium-sized nymphs were employed in order to chedc parthogeuetic production 
of aphids in the cages (tubes). To know the normal percentage mortality of the 
aphi^ in the tubes control tubes were kept with aphids in them and this 
reading was taken into account while calculating the number of aphids cousumed 
by the predators in the experimental tubes. 

The number of aphids consumed by the adult beetles was very variable. 
Often the females consumed more than did the males and the rramber varied 
from 35 to 75 nymphs per day. When sexes were equally represented the average 
(based on 20 pairs) came to 45 nymphs a day. The total number it nymph* 
wnsumed by a single beetle during the life-time came to 1260 for male and 1530 
for a female. 

The observations for grubs are based on 20 individuals of $eh instar at 
laboratory temperature (avg. mean) 29'i®C and the results are presented b^w 
in table III. 
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Tabi^ m. 

Showing land feeding record of Adonia variegata insiar-wise 


l 0 t instar | 

2nd instar 

j 

3rd instar 

4th instar 

Total larval period 

Max. 

1 

Min. 

Avg. 

B 

Min. 

Avg. 

Max. 

Mm. 

Avg. 

Max. 

Min. 

Avg. 

Max. 

Min. 

Avg. 

21 

8 

14 

37 

13 

21 

38 

20 

30 

79 

46 

66 

160 

98 

130 


Cannibdism.^The grabs and adults exhibited cannibalism in the rearing 
cages as well as in the field. It was observed that this practice was generally 
resorted to when there was shortage of food supply or when the cages were very 
much crowded. The adults were observed atta^ing the egg-hatches (generally 
fresh ones) and the pupae. The grabs fed on the weaker of their kin and also 
nibbled at the pupae. They were not observed attacking egg-masses. 

These cocdndlids depend mainly on Aphids for their food and it is well 
known that Aphids suffer from vicissitudes of weather, etc., and disappear 
suddenly. In such circumstances the cannibalistic habits of the grubs is 
advantageous in enabling some individuals to reach maturity and to fiy away to 
more suitable places rather than let all the young ones to starve to death. 

Ntjmbbr of generations and fossibiixties of mass production 

Table n shows a generation period (including the preimaginal and 
preoviposition periods) to be 16*2 days, 12*3 days, and I9’6 days for insectaiy 
temperature 29-^'6°C., 32°C. and 25®C. constant temperatures respectively. 
Takii^ into consideration She short generation period of the beetles and their 
appearance in the fields from March to July and again in autumn it is believed 
ib&t six to eight generations are passed during a year in north India. Besides, 
with the dKnt gen^ation period and the large rate of egg-laying (avg. 440 eggs) 
under loom-conditmns, it is expected that the production of the beetle on mass 
scale would be possible under insectary conditions. The storage of adult beetles 
at i6®C and 13®C was trkd for a krge number of individuals and it was 
discover^ that they <^uld live without much activity, for over two months even 
if no aphids were provided in the cages. > 

Parasites of Adokua variegata ^ 

HontaJofylus flamineous (Dalman)—^This Encyrtid is a well known parasite 
of cocdndlids in India and abroad. It parasitised the grabs of last two instars 
and was first observed in the field in the end of April. It did not seem to 
reduce the population of the beetle to any large extent. 

^^‘^ock^socharis sp.—Only a few pupae of the beetle were parasitised by 
this species in ApnI-May 193^* Several adults emerged out of one pupa. 

Ill— Brumuj suturalis (Fabr.), Tribe Chilocorini. 

BtSTRIBUnON, seasonal occurrence and hosts 
T ^^|®^P®^<^ccurs all over India, Ceylon, PhiHppine and Lindi (East Africa). 
Ecfroy (1909) reared this beetle from grubs predating upon Phaenacoccus 
iHsoiiius on leaves of Sida spinosa, Fletcher (1919) reared it in February 1914, 
from a pub found in an egg-mass of Pseudococcus sp. on cotton. Vdy brief 
descnptioiis of the full-grown grub and pupa are given by these antlers. 
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In In<^ this beetle is zeported to be fairly common throtighotit the year 
except during the extremes of climate. This is so probably because this 
predator has a vanety of hosts, viz., mites, Psyllids, Aleurodids, Aphids, Cbccids, 
etc. This beetle is also reported to feed on the pollen of grass^ (Gorham, 1894). 
The adult beetles have be^ previously recorded to feed on the following insects 
and inites: P^Ua isiiis, almost throughout India (I^roy, 1913); Triakurodes 
ricini in Madras (Subramaniam, 1923); Phaenacoccus insoUtus, and Pseudococcus 
sp. in Bihar (Fletcher, 1919); Pemphigus cynodonH Das, Brachycaudus pruni 
(Koch); of PyrUla spp., Dialeurodes dtri (Kuw.) and Bemisia tabad (Gen.) 
in the Punjab (Das, 1918; Chopra, 1928; Hussain, 1929; Hussain & Trehan, 1933). 
The mites {Teifai^chus biocukdus) fed are those found on jute and castor in 
Bihar (Misra, 1913). 

The grubs were observed to feed only on soft bodied nymphs of certain 
aphids and mealy bugs by a peculiar mode of sncking and r^urgitation as 
described hereafter. They were therefore, never so common in the field as the 
adult beetles themselves. At Delhi, in April-May 1938, the grubs were found 
predating upon the Aphid, HyaiopUrus aifiplicis, infesting *ba[thu* {Chenopo- 
dium alba) and in rare cases on Afyrws fersicae infesting several vegetable crops. 
Again, in August-October 1938, the grubs were common on Pseudococcus sp. 
infesting grass (Cynodon dacfylon). 

I/IFB-HISTORY 

Material for the study of life-history was collected in April-May from 
individuals feeding on H. atriplicis and were fed in the laboratory also on the 
same aphids. In August-October the individuals were collected faom grass and 
fed on Pseudococcus 

CopidaiioH and Pre-oviposiiion. —The beetles mated first after about thdree 
to four <^ys and the average preoviposition period was 67 days (average of ei^t 
females) under the insectary conditions in Apiil-June, (mean temp.) 337^^- 
and 8*4 days (average of 12 females) in August-October (average mean temp.) 
3 o‘ 6°C. On an average, based on ten pairs, a female laid eggs when abtmdant 
food was provided in the cages. In the matter of laying ^gs the beetles show^ 
preference to plants infest^ with their food material. The eggs were laid in 
concealed places, between the curled and slightly dried up leaf edges and in 
grooves at the 1^ bases and the branches. Unlike that in many cocdnellids 
the eggs were laid Wanting (fig. 7) one lying half over the other. They were 
laid in clusters containing 4 to 23 eggs. 

The Egg. —It measures I'O mm. by 0*3 mm. (fig. 8). It is dgar-sbaped and 
ydlow in colour with numerous small and shallow depressions on the surface. 
The incubation period lasted 4*2 days in April-June and 5-6 days in August- 
October, 1938 (average based on over 70 eggs in each case). 

The Gfuh.^The newly hatcbed grab (fig. 9), is slightly longer than the egg, 
is olive-green with darker head, tboiadc shields and legs. In general structure 
it resembles a newly batched grab of Adonia variegata describe above, except 
that here the stem of the epkranial sutnie is present. 

There are four instars; in April-June each occupied on an average 2*8, 2*1, 
2*2 and 2*8 days in the sequence d tl^ occurrence (average based on average of 
15 individuals in eadh case). In Augnst-Octoberthe duration was on the average 
3*2,27, 2*3 and 3*8 days respectively (average of 15 individnals in each case), 
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PLATE Jl.—Brtimus suinralU (Fabr). 

Pi©.— 7. EM-clnster (x 10); 8. Egg {x 2A); 9, Newly hatched grub (x 24) j 10* Prdl* 
gxowa grub (x lOj; 11. Pupa (x 10); 12. Adult beetle (x 12) 
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The full-grown grub (fig, lo) ^ is 5*5 mm. long and 2*5 mm. broad across 
the first abdominal segment. It is broadly spindle-shaped and subdepressed. 
The epicranial suture ^tends forwards a short distance from the occipital 
foramen and bifurcates into two epicranial arms each of which extends latero- 
ventrally for a short distance and then makes a broad curve and extends ventro- 
medially towards the antennal fossae where it becomes obsolete. The front 
and post clypeus and labrum are included within the fork. Prothoracic tergum 
is light orange with a chitinized border bearing long chalazae and has a pair of 
plates each with a black rectangular spot (b) anteriorly. The meso and 
raetathoracic terga each bear a transverse row of four parascoli {psl. ), the two 
of ea<^ side being close tog^er and indistinctly sepomted. They are dark 
grey in colour and well chitinized. The meso-and meta-pleural areas are well 
developed, each bearing a pair of brownish setae (s). The abdomen narrows 
gradually towards caudal end, its first and second segments are widest and 
subequal; tergum of each segment one to eight bears four distinct setae arranged 
in a transverse row. Of these the dorsal two are black and the lateral two 
brown; ninth abdominal segment is rectai^;ular and devoid of setae groups but 
bears simple setae; tenth segment appears to be a ring of thin membrane 
surrounding the rosetted anal area and aids the grub in having a firm hold 
on the ground. Eight pairs of abdominal spirades are situated on either side of 
abdominal segments one to eight. They are located near the cephalic margin 
of each tergum between the dorsal and dorso-lateral setae groups. Situated on 
each lateral margin of the tergum of abdominal segments one to eight is a 
repugnatorial pore through which a bad smelling fluid comes out. The writer 
did not observe on the grub of this spedes the ‘'enormous waxy or white 
substance** as has been mentioned by Subramaniam {1923). 

Mode of feeding of the The mode of feeding of the grub was remark¬ 

able. No previous worker has referred to such phenomenon in cocdnellidae. 
It was observed to feed by a process of alternate suckii^ and regurgitatton of the 
soft body contents of the prey. The process differs from that observed in the 
grubs of Adonia, ChUomenes and Coccinella and some other common cocdnellids, 
which feed by a simple process of nibbling at the prey bit by bit, and devouring 
it ultimately except for the hard body-wall. A grub of B. suiuralis on coming 
across the aphid or the mealybug attached itself firmly to the substratum by 
means of its rosetted last abdominal segment. The prey was held between 
the mandibles and pierced through. It was then held up in the air, by the grub 
raising its head and thorax; thus the prey had no hold on the ground. The 
body contents of the prey were sucked but it appeared that they were not 
passed down into the mesenteron as at the very next moment, they w^ 
regurgitated with great force back into the body of the prey resulting in 
dislodging its remaining body contents also. After repeating tiis process of 
alternate sucking and regurgitation four or five times the grub sucked in and 
passed the soft, fluid-like body contents of the prey into its own mesenteron. 
It repeated this process of alternate sucking and regurgitation several times 
till only rile chitinous skin of the host was left behind. Ordinarily a grown up 
grub consumed from 10 to 15 aphids or mealy bugs in a day 

The Pupa. —The pupation takes place in the open on a rough and dry 
surface of a twig or a leaf. In the field the grubs, when found in large numbers, 
often congregate for pupation Subramaniam*s statement that pupation of 
B. suiurahs takes place m concealed plac^ under ‘scales' etc. is quite contrary 
to what has been repeatedly observed by the writer. Subramaniam's account 

“Indian 



6o 


A. P. Kapur 


of both the grub and pupae seems to apply to the immature stages of some spe¬ 
cies of Scymnus. Before pupation the grub attaches itself by the tail and after 
a day the larval skin splits into two mid-dorsally the slit commencing 
from the prothorax and extending back to the sixth abdominal ^ s^ment. 
The pupa (fig. ii) which is protected all round by the cast larval skin, is oval. 
It measures 3.2 mm. by 2.2 mm. and is pale-orange in colour. 

The pupal period lasted for 4-5 days (average of 25 pupae) during 
the months of April-June, and for 67 days (average of 62 pupae) in August- 
October 1938. 

The Beetle .—The beetle (fig. 12) was first described from India in 1798 
by Fabricius under the genus Cocdndla but in 1850 Mulsant placed it as a 
species of his newly formed genus Brumus, The b^tle is oval, glabrous, 4.0 
mm. long and 27 mm. broad across the middle of the elytra; the head is brown 
with a prominent pair of black eyes which, when the head is retracted, are 
slightly covered by the pronotum. The antennae are 9-jointed, brown and 
with small sensory hair all over. Each mandible has a basal tooth and a 
simple pointed apex. The pronotum is brown with a pair of notches in front 
of the eyes. The elytra are yellowish-brown except at their basal, lateral 
and apical margins There is a median longitudinal black stripe which extends 
from tne scuteSum to the apex of the elytra. Besides, there is a black stripe 
on outer side of each elytron starting from the humeral angle and ending 
before reaching the reddish area at the tip of the el3rtron. Eegs brown with 
small hair all over and with a pair of simple claws at the terminal tarsal joint. 
The underside is brown or darkish brown. Varying with age. 

During April-June the beetles lived in the insectary from 30 to 45 days 
(average ba^ on 18 individuals) while during August-December (average mean 
temp.) 22.2*^C. the life was prolonged to 68 days (average of 42 beetles). They 
consumed from 16 to 30 nymphs of the aphid or mealy bug in a ^y, (average 
based on 12 beetles). The beetles and the grubs exhibited cannibalism rarely. 

Number of generations and possibilities of massproduction 

The average generation period (consisting of the preoviposition, incubation, 
larval and pupal periods) for the months of April-June came to 25.3 days, while 
during Augu^-October 1938, it increased to 32.7 days in the insectary. The 
adults also lived from 30 to 68 days varying with temperature and are widelv 
distributed in India. Five to six generations are completed during the course 
of a year and the beetle are found commonly throughout the year except during 
the extremes of climate. Further comparative studies of the more favourable 
hosts of its grub are necessary to estimate how far this ladybird can be 
usefully employed in the biological control of insect pests* The present study, 
however, indicates that the beetles can be reared on a mass scale on Pseudococcus 
sp. infesting grass. 

Parasites 

Bomalotylus fiaminius (Dalman) parasitized the grubs of this beetle in 
May and again in October 1938 but the parasitization remained very low. 

IV.— Seynmus quadriUmn Motsch., Tribe Scymniini 
Distribution, seasonal occurrence and hosts 

This spedes was or^inally described from Ceylon by Motschulsky in 
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1858 and of late it has also been recorded from Formosa (Korschefsky, 1932). 
The beetles have been commonly found by the writer in the Punjab and Delhi. 
There are also present some specimens of this species from Pusa (Bihar) in the 
collection of the Entomological Section of the Imperial Agricultural Research 
Institute. 

In August 1938, there occurred a severe outbreak of Aphis Idbumi Kalt. 
on cowpea ^igna catjung) and mung (Phaseolus mungo) in the experimental 
plbts of the Entomological Section. The aphids were attacked by several 
predators which reduced the population of the pest within a short period of 
about a month and a half. The most common of these predators was Scymnus 
quadrillum which was present in all stages of its life-history. The less common 
predators were Scymnus nubilus Muls., the Syrphid Paragus serraius (Fabr.) and 
Leucopis griseola Fall. (Chamaeni3ddae). Special attention was paid to Scymnus 
quadrillum on account of the important role which it played in controlling 
the pest 

The adults as well as the grubs are very active predators on aphids and 
scale insects. In I/abore and Delhi the writer observed the following species of 
aphids being consumed by the predator in the field: Aphis lahurni Kalt., 
A, gossypii Glov., A. maidis Pitch., A. ncrii Fons. and Myzus persicac (Sulz.). 
The adults were also observed to feed on Aonidiella aurantii (Maxell} and 
A. orienialis (Newstead) in Delhi. 

Life-History. 

Copulation and oviposiiion--'£hc adults after emergence mated after four to 
six days in August-November (avg. mean temp.) 28°3®C. After another period 
of about five days the first batch of eggs was Ifidd. 

The eggs were laid, only on plants infested with Aphis lahurni, in batches 
of two to eight but usually of four eggs. Occasionally they were laid singly also. 
The female exhibited a marked tendency to deposit her eggs in concealed plac^ 
such as under the cast-off skin of aphids, in the partly rolled up leaves and in 
the crevices in the host plant. The female has a fairly long ovipositor for this 
purpose. 

Usually one or two batches of eggs were laid in a day. The average (based 
on 15 pairs) per female in the insectary came to 43 eggs while the maximum 
number was 68 and the minimum only 18. During the later part of sea^n 
October-November the fecundity was low. It \yas probably due to the scarcity 
of aphids and low temperature (avg*. mean temp. 25*o°C). 

The Egg —The egg (fig. 13) is oval, broader at the anterior than at the 
posterior end; 0*42 mm long and 0*21 broad, olive-green, match^ the sub¬ 
stratum over which it is laid and is smooth and' shiny. In certain cases the 
colour is light olive but it is never yellow as is the case in most of the other 
coccinellids even though on some days adults were fed on green aphids. The 
incubation period varied according to the temperature from 47 to 6*3 days 
average bas^ on 57 eggs (table IV). 

The Grub .—The newly hatched grub is 0.52 mm, long and 0.22 mm. broad. 
Its body is amber coloured and the legs and head are yellow at first but later they 
become dark brown with a greenish tinge. The grub resembles in general a 
newly hatched grub of A. variegata described above except that its head bears a 
number of setae and the well marked epicranial suture. Its piothoradc 
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segment bears four pairs of wax secretory pores. Eacb thoracic and abdominal 
segments^ excepting the last one, bears three pairs of such pores name^, 
median, submedian and lateral pairs. About two hours after eme^ence me 
grub be^tts to secrete the wax but daring this instar (fig. 14) fbe seCTeticm 
is not enough to cover the larval body wholly. The average duration of 
the larval instars (as based on 20-10-12 grubs) is given in table IV. 

The newly moulted second instar grub is 1.8 mm. long and 1.2 mm. broad. 
The body of the grub is brown and is completely covered with the white waxy 
tufts. The grub is very active and feeds on both small and large nymphs 
of aphids. 

The third instar grub is similar to that of second instar and is 2.3 mm. 
long and 0.9 mm. broad when newly moulted- It secretes wax in large quantity, 
wax threads being thick and long with an indistinct bluish shade and frosty 
appearance. 

The full-grown fourth instar grub (fig. 15) is. 3-p mm. by 1.6 mm..*when 
measured without wax-threads; the head capsule is light brown, the epicranial 
sutures are obsolete and without epicranial arms. The sensory hairs are dark 
and fairly long; the ocelli are dark brown, two of them are equal in size but 
the third is almost twice as large as the other two tc^ether. The antennae 
are small, wider than long, only slightly chitimzed and conical; the scape is 
about three times as wide as long; the pedicel is about twice as wide as long 
and its distal end is narrow; the flagellum is more or less mound like. The 
pronotum is not cbitinized excepting the dorsal shield which is only weakly 
chitinized. It bears several dark setae arranged more or less in transverse 
rows. The dorsal shields of meso—^and metathorax are also weakly chitinized 
and cover larger part of the dorsum and bear small vermcae on each side of 
meson. The abdomen is ten segmented, the last one being not visible from 
above; the first, second and third s^ments are widest and those behind the 
third become narrow gradually; the ninth ^gment is conical above, about 
ha lf as wide as long and much narrower than the eighth; the tenth segment is like 
a rosette surrounding the anal area. There is one pair of thoracic and eight 
pairs of abdominal spiracles. 

Mode of feeding .—^The grub feeds on an aphid by a peculiar process 
of draining the fluid body contents of the host by puncturing it through one 
of its leg joints, cornicles or even antennae. A regular current of the body 
contents of the host passing through one of the knee joints, etc., into the ^outh 
of the grub has been observed by the writer several times. The aphid makes 
all possible attemps to free itself but the grub never loses its hold. The grub 
firmly adheres itself to the surface below by its legs and the tip of abdomen. 
A grub consumes from eight to fourteen aphids or nymphs in a day as observed 
in six individuab. 


The Pupn —The pupation takes place in the open on the leaves or branches 
of the plants. The pupa (fig. 16) is partially or sometimes wholly hidden beneath 
the waxy threads shed along with the moult of the full grown grub. It is oval and 
strongly convex; measures 2.0 mm. by 1.6 mm.; the colour is reddish-brown. 
Its anterior part is thickly beset with small hairs of a darker shade. The head, 
legs and distal portion of the wing-pads are hidden on the under side. Some- 
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PL4TE III —Seymnm quadrillutn Mots. 

FIG.—13. F.gg-( luster fx40); 14. 1st. instar grub (x 510); 15. Full-grown gmb fx20); 
etle(x20). 
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tiin^ the fiist four abdominal segments ate also visible dotsally. The pupal 
period varied from 4*8 to 7*4 days according to temperature as given in table 
IV (averages based on 18 and 22 pupae respectively). 

AduU ^—^Immediately on emergence the beetle remains near the empty 
pupal skin. At first the colour of the beetle is golden-brown but after about 
24 to 36 hours the characteristic violet colour of the prothorax and elytra is 
developed. The body is covered with fine pubescence and with advancement 
in age the beetle becomes shiny, as the pubes^ce is rubbed off slowly. 

The adult beetle was first described by Motschulsky (1858) from Ceylon 
and in 1900, Weise briefly redescribed the beetle collected firom Ceylon. A 
short description of beetle (fig. 17) may be given as follows:— 

Body oval, i-6 to 2*0 mm. long and 13 to i*5 mm. broad across the 
elytra. The females are slightly bigger than the males. Dorsal side of the body 
p well as the eyes hairy. The head in the male is yellowish-brown while 
in the female the cranial region of the head is a little darker and the face 
yellowish-brown. The antennae are ii-jointed, short, brown and havcj 
sensory setae. The pronotnm lies fixed at the base of the elytra. Its hind 
angles are bluntly pointed and its lateral margins are yellowish-brown; the middle 
part is violet and shiny. On each side of the elytra there are two reddish- 
yellow oblique spots, the anterior ones being lai^r than the posterior ones. 
Colour and size variation of spots is common. brown, spa^ly covered 

with fine setae, without tibial ^urs, terminal tarsus bears a pair of sharply 
pointed claws. 

The adults emeiging in the insectary in the months of August-Sqptember 
lived for 25 to 50 days, the average fife of 16 beetles being 34*2 days. The 
beetles that emerged late in the season (September, October and November) 
were comparatively long lived, some of them Hving over 78 days. The average 
of 12 beeves came to 45'6 days (table IV ). 

The adults and grubs did not exhibit cannibalism and from 12 to 18 
nymphs of aphids were consumed by a beetle in a day. 

Tabijs IV 

Showing the development of s Scymnus quadrillum at laboratory temperatures. 
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Number ob generations and hibernation 


The life-history studies show that there are three to four geueralions of 
the beetle in a year. During the period commencing from the middle of 
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August to the eud of Septanber, the total duration of immature stages of the 
beetle was on an average i6.i days and the preoviposition period about lo days. 

Two generations were thus completed within this period. But duiing the 
later period, i.e., from October to beginning of December the average duration 
of the immature stages was 24*9 days and the preoviporition period ii*6 days. 
Therefore, <mly one complete and a partial generation could be completed 
during the later period. Thus, on the whole, there were three generations in 
the year. 

Before the end of December the beetles became inactive. The period of 
hibernation was passed in the adult stage during January and February after 
which the beetles resumed their activity and were found in the fields thou^ 
not very commonly. As the rains set in and aphids appeared in large numbers 
in about the month of August, the activity of these b^tles also increased and 
they started breeding in rich colonies of suitable i^)ecies of aphids. 

^ Pakaseces 

The following species of parasites of the grub of Scymnus quadriUutn 
were reared in the insectary from the material collected from the fields at 
Ddhi. Fortunately the parasites’ attack appeared late in the season in October 
when the coccineUids had accomplished much of their useful ta^ The 
Homalofylus species were so active as to cause an appreciable decrease in the 
population of the Cocdnellid grub and the maximum percentage paxasitizatioin 
was 42 in the last week of November. 

z. Homalofylus terminalis (Say.) is recorded for the first time in India 
parasitizing grubs of Stymnus guadriUum. Previonriy the ^pedes 
was recorded only from U. S. A., on several coccineUids sudi as 
Coleomegilla, Cydoneda and Anatis, 

2. Homalotylus terminalis subspecies califomicus Girault. Beades the 

grubs of Scymnus quadriUum, some specimens were bred from grubs 
of 5 . nubUus Muls. 

3. Homalotylus sp.* This sp^ks of Homalotylus was bred first in 

October 1938, from parasitized grubs of Scymnus quadriUum, 

4. PacJyneurcn sp.* Pachyneuron Walker is a plastic genus parasitizing a 

variety of hosts such as Aphids, Coccids, Psyllids, Cocdndl^s, 
Anthomyids, Syrphids and a nmnha of other insects. Mani {1939) 
recorded this genus from India describing six species. The 
present species was bred from the grab of 5 . quadriUum on 22nd and 
^th October 1940. 

V—Summary 

The bionomics of Adonia variegata Goeze, Brumus suturaHs (Fabr.) and 
Scymnus quadriUum Motsch. are giv^. A. variegaia although apalaearctic 
species, is well distributed in North India and is found in the fidd ^m about 
March to October. It is an aphidivorous form and the feeding capacity 
of the adult and the grubs in various instais as determined by 
experiments indicates the species to be a nseful predator. It has a short life- 
cyde which is completed in 16.2,12.3 and 19.6 days in insectary (mean temp.) 
29-34.6®C. and at 32®C and 25®C constant temperatures respectively. There 


’f^h.ese species are probably new and are being described by me elsewhere. 
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appear to be from six to eight generations in a year and the possibilities of its 
mass production are discus^. Homcdotylus ftaminious (Dalman) parasitized 
the grabs of this spedes in the end of April. 

B. siduralis occurs all over India and is found throughout the year except 
during the extremes of climate. It has a variety of hosts including Aphids, 
Cocads, Aleuro^ds Psyllids, mites and e^s of certain insects. Life-cycle in 
April-June and in August-October is completed in 25.3 and 32.7 days respective¬ 
ly. The grubs feed by a peculiar process of alternate sucking and regurgitation, 
a pr<^ss which has not been recorded for coccinellids before. H. flaminims 
parasitized its grubs but the parasitization was low. 

S. quadrillum, ori^ally known from Ceylon and Formosa is recorded 
also from North India. Five spedes of aphids and two of coccids 
are mentioned as its hosts but the grubs have been observed to feed only on 
aphids by drawing their fluid body contents after puncturing through one of 
their (aphids) leg-joints, comides, etc. The life-cycle is completed in 26.1 days 
in August-September and in 34.5 days in October-November. There appear to 
be three generations in a year. 

The grubs or pupae of this spedes are subject to attack of chalddoid 
parasites m the month of October generally. The parasites recorded include 
three species of Homcdotylus, and one of Pachynetcron, At the end of the season 
they reduced the population of the coccinelltd by about half. 
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ON THE BIOEOGY OF EUZOPHERA PUNICELLA MOORE 
IN BALUCHISTAN 

By Nazeer Ahmad Janjua, m.sc. (Hoes.), 

Eniomologist, Department of Agriculture, Baluchistan, Quetta, 

Introduction. 

Euzophera puniceila Moore (PyiaKdae, I^pid.) is fairly common in 
Baluchistan. A brief account of the species was given by Pruthi (1938), but in 
view of its importance, the writer has made a detailed study of the biology of 
the insect during the last four years and the results are reported in this paper. 

The writer feels indebted to Dr. H. S. Pruthi, Imperial Entomologist, 
New Delhi, for his criticism and valuable hdip in the presentation of the paper; 
to Mr. A. M. Mustafa, Director of Agriculture, Baluchistan, for his able guidance 
during the progress of the work; to the Imperial Institute of Entomology, 
Eondon, for the identification of the species and to M. Sabir Janjua, Entomolo¬ 
gical Fieldman, Quetta, for his help in the field and laboratory. 

Distribution. 

Euzophera h an extensive genus widely distributed in the Neotropical, 
Pakearctic and Ethopian r^ons. In India, several of its species are known to 
be stem or fruit borers. Euzophera perHcdla Rag. is a serious pest of brinjal 
and damages the stems of tomato and chillies, and potato tubers in several 
parts of India and Ceylon (see Rep, 2nd and 3rd Ent, Meetings, Pusa), 
Euzophera pluthbeifascieilla Hampson has been bred from had and wood apple at 
Pusa and Coimbatore respectively. Euzophera semifuneralis Walker is known 
to bore into plum trunks in America (Hamilton, 1927) and Euzophera bigdla 
Zeller is widely distributed in Europe, Central Asia and the Far East and has 
been found inside apple fruits along with the codling moth larvae and reported 
to be harmful to apple fruits in the same way as the latter pest (Gerasimov, 
1930). Euzophera puniceila was reared for the first time at Calcutta in 1890 
from pomegranates sent by Cleghom from Baluchistan (Cotes, 1891). Subse¬ 
quently it was recorded from Baluchistan by Pruthi (1938) who described its 
mode of feeding and its status as a pest of apple. It is common in 
the districts of {^etta-Pishin, Zhob, Eo^ai and Sibi (Hamai Sub-Division). 
In Kalat State it is found in the districts of Sarawan and Jhalawan. 

Food Plants and Feeding Habits 

In Baluchistan, Euzophera punicdla is primarily a pest of pom^anates 
but it is also foxmd in such specimens of apples, pears and quinces as are already 
damaged by the larvae of codling moth. 

The first brood larvae of this Pyralid moth attack the young pom^anate 
fruit and tuimd inside eith^ from the side or from the blossom end and feed 
on the flesh of the developing seeds. The infested fruit, when cut open, is 
found to be rotting, full of dark excreta and moulds growing therein, thus 
making the fruit unfit for human consumption. The growth of the irifested 
fruit is checked and it presents an emaciated and stunted appearance. Scaven- 
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gers and fungi invariably enter the fruit through the entrance holes made by 
the larvae and accelerate rotting.* Most of the pomegranate fruit, when haH 
grown, crack along one side due to some physiological factors and the young 
larvae of subsequent generations beix^ unable to bore through the tou^ skm 
of the developing fruit, usually enter through such cracks. The attack is 
more severe on the seedless (Bedana) variety than on the*iiCa«<ttari, Jcdati and 
Mitha varieties as the skin is tender in the former case and the larvae can, 
therefore, easily bore into the fruit. It has been estimated that about thirty 
per cent of the pomegranate fruit in the province is spoiled by this pest. 

As already stated, the larvae of Euzophera punicdla are almost invariably 
found in apples, pears and qtdnces already dama^sd by the codling moth larvae 
indicating that perhaps the Euzophera larvae are also primarily harmful to 
these fruits. A series of experiments were performed in which the Euzophara 
larvae were reared on healthy and infested apples, pears and quinces and as 
observed by Pruthi {1938) it was found that though the larvae were able to 
bore into sound fruit, they flourished best on the rotting and mouldy pulp due 
to the attack of codling moth larvae. Euzophera puniceUa is thus, not a primary 
pest, but generally damages those apples, pears and quinces which are already 
atta^ed by codling moth. 

Description op various Stages in the Life History 

The JBgg:—The eggs are laid sin^y but occasionally they are also seen in 
batches of two or three. They are deposited on leaves as wdQl as fruit and are 
firmly attached to the surface by a sticky substance. The egg is oval, flat, disc 
shaped and creamy yellowish when freshly laid. The average length is 075 mm. 
and width 0*5 mm. The surface is rugose. In four or five days old eggs the 
progress of the development of the embryo can be seen through the thin 
shell A few days b^ore hatching, the mandibles and other mouth parts are 
evident; shortly afterwards, the head and thoracic shield are seen. Ihe larva 
finally ^ergies through a drcular cut at the anterior end. 

The Larva :—Almost immediately after hatching, the tiny larva moves 
about and nibbles a little of the le^ tissue here and there. Eventually it 
readies a young pomegranate fruit, bores into it and starts feeding on the flesh 
of the newly developing seeds. The entrance holes made by the larvae could be 
easily seen on the infested fruit. In apples, pears and quinces, the young 
larvae enter the fruit through the holes already made by the larvae of the 
codling moth and flourish best on the mouldy pulp. 

The number of instars and the moulting activities of the larvae have been 
studied in detail. Six larval instars have been noted in the Quetta Valley and 
the description of the various instars is as follows:— 

First instar '—Liength soon after hatching 1 5 mm. to 1 8 mm. Head 0.2 mm. wide. 
General body colour grey; shape cylindrical, gradnally tapering posteriorly Head pale 
brown; epieraninm and Irons light brown with the oceU'ar areas deep brown, sutures deep 
and prominent, adlrontal sutures indistinct. Mouth parts pale>brown, antennae and 
maxillae somewhat pale. Prothoracic shield sepia brown. Tubercles raised, unicolourous 
with the body, each beating a short seta. Thoracic legs, anal plate and prolegs concolonr* 
ous with the body. Each ptoleg bears 7 or 8 pale brown crotchets in uniordinal series. 
Spiracles indistinct. Body eoyared wirii numerous minute hairs arising singly. 

Second mfor:—Length soon after moulting 3'6 to 3*9 mm. Head (T4X mm. wide. 
General body colour dark grey; head dark pale brown. Tubercles more distinct, pro¬ 
minent. nnioolonrons with the body, each furnished with a single seta. Thoracic legs. 
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anal plate and prolegs concolonrons with the hody. Each proleg bears thirteen or fourteen 
golden-brown crotchets in nniordinal series. Spiracles darker and more prominent. 

Third instar: —^Length soon after moulting 5‘5 to 5.8 mm. Head 0*5 mm. wide. 
General body colonr little deeper than in the previous instar. Hea^ epicraninm and Irons 
dark brown. Epicranial sutiires somewhat black, adfrontal sntores indistinct. Protboracic 
shield dark grey with a slight crimson tinge. Each proleg bears seventeen to ninteen 
crotchets in nniordinal series. Spiracles small, round, ringed with black. 

Fourth instar :--'Lengtih soon after moulting 7*4 to 7*9 nm. Head 0*68 mm. wide. 
General body colour dark grey with pinkish tinge. Protboracic shield dark grey with a 
definite crimson tinge. Tubercles conspicuous, shiny and unicolourous with the body. 
Bach proleg bears twenty two to thirty crotchets in uniordinal series; hairs short, white, 
sparse; edges of spiracles raised, pim]^le-like, darker than general body colour. Head, 
protboracic shield and anal plate bears silky hairs. 

Fifth instar .‘—Length after moulting 9*1 to 9*7 mm. Head 0*75 mm. wide. Adfrontal 
sutures distinct. Tubercles tipped with black, each bearing a moderately long silky hair. 
Each proleg bears thirty to thirty six crotchets in an irregular biordinal series. Spiracles 
raisedU circular with dark rim. 

instar: —Length 13 to 16 tnm. Width of the head capsule varying from 1*2 to 
1*6 mm. General body colour dark grey with predominant pinkish tinge. Form subfusz- 
form, shining. Head brown, retracted within the protboracic segment. Antennae 4 
jointed, 2nd longer than the remaining joints united 4th very minute; long i^te 

papillae, one short hair and one very long bristle on distal edge of 2nd joint; 4th joint 
unarmed. Mandibles pentadentate, the three upper teeth pointed, the two lower blunt. 
Labrum with median incision, narrow, acute ana has six setae; maxillae, lacinia galea 
with 4 long papillae, 2 laminate, bifid and 2 cylindrical with a minute distal joint, also 3 
short processes between the bases of the papillae; third joint of maxillary palp with 
nnmerons short papillae. Prothoracic shield dark grey wi^ a crimson tinge. Spiracles 
small, circular and pale brown with dark rims. Tubercles oval to egg shaped, slightly 
darker in colonr than body, coarsely pitted. Proleg with crotchets 40-46 triordin^ 
arranged in an oval; anal proleg crotchets 24-30 triordimU, semiovaJ; the crotchets of the 
third series are very minnte, eqnal in number to and alternate with the long and the short 
crotchets. Theare are five pairs of prolegs inclnding the anal claspers 

When the larva is about to pupate, it constructs a thin, ddicate, whitish 
cocoon ^nerally inside the fruit. The cocoon is of fairly open textnre so that 
the outline of the pupating larva or pupa within can be ni^e out. 

The Piepa :—^Ijength 7*2 to 7*6 mm., breadth 1*76 mm. across the wing covers over the 
third abdominal segment. Shape elongate cylindrical, ronnd at cephalic end, tapering at 
candal end. General body colour brownish, the abdomen being a shade lighter than the 
body. Wings covers extend beyond the middle of the fourth abdominal segment where 
they are conjointly roimded in a broad arc. Spiracles of abdominal segments 2-7 uniform, 
elliptical, margins elevate; 8th linear with margins not elevate. On each of the abdominal 
segments there are two transverse rows of spines, a row of strong spines on the anterior 
margin and a row of weaker spines across the middle of each segment. Cremaster repre¬ 
sented by 8 small mgosiries at the apex of the 10th segment from which arises 8 enphooked 
setae. The maxillary palpi are about twice as long as the labial pslpi and completely 
enclose the latter. 

The empty pupal shdl remains within the cocoon when the moth emeiges. 

The Moth : —^The moths fly at dusk only; at other times of the day they 
hide in crevices or dark recesses of the tree. Because of its colour, the moth 
is veiy incon^icuous and difficult to And, especially when resting on the bark 
or some other back ground. The male measnies about 15 tnm, across the 
expanded forewings. Hampson (1896) described the adult feruale as follows:— 

^Fnscous, suffused with black. Fore wing with diffused fnscous-hlack 

antemedial hand with whitish band on its inner edge from cell to inner margin; 

a post*m6dial line exenrved from costa to vein 2, Sind wing uniform fuscous. 

Exp. 20 mm.”. 
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Nazeer Asmad Janjua 

Duration of various Stages and Seasonai, History 

As a result of investigations carried out by the writer during the last four 
years it has been ascertained that there are four generations of the insect 
in a year in the Quetta Valley. 


First Generation 

During 1937, the first eggs were deposited on April 3, but oviposition 
continued up to May 2. The dates during 1938, 1939 and 1940 were April 4, 
March 29 and April 7 and oviposition continu^ up to May 5, April 28 and 
May 3 respectively. The incubation period of the eggs varied from 5 to 8 days 
with an average of 6.7 days; in 1938 from 5 to 7 days, in 1939 from 7 to 8 days 
■vyhile in 1940 it was horn 6 to 7 days. 

During 1937, eggs commenced hatching on April 10 and continued to do 
so up to May 7. In 1938, hatching started on April 9 and continued up till 
May II ; in 1939 they commenced hatching on April 4 and continued up till 
May 3, while in 1940 hatching was in progress from April 14 to May 9. The 
feeding period of larvae ranged from 25 to 31 days with an averse of 28.7 
days; in 1937 it was from 22 to 30 days, in 1939 from 20 to 29 days while in 
1940 it was fiom 24 to 30 days. 

At the end of the feeding period, the larvae start spinning cocoons which 
are usually found inside the fruit. The prepupation period, which begins 
from the time the larva stops feeding and ends with pupation, varied from 
2 to 5 days with an avera^ of 34 days. In 1937 it varied from 2 to 4 days; 
in 1938 from 3 to 5 days; in 1939 from 2 to5 days while in 1941 from 3 to4 days. 

During 1937, the first pupation took place on May 5 and the last on 
June 2. The ^tes during 1938, 1939 and 1940 were May 8, May 4 and May 2 
when first pupation was recorded and the last one was on June i, June 5 
and June 7 respectively. The pu^ period varied from 5 to 8 days with an 
average of 6.9 days. In 1937, it varied from 6 to 8 days; in 1938 from 5 to 7 
days; in 1939 from 6 to 7 days while in 1940 it was from 5 to 8 days. 

In 1937, the first moths of the first brood emerged on May ii and the 
last on Jime 7. The dates of first emergence during the three subsequent 
years were May 13, May 10 and May 7 and emergence continued up to June 9, 
June 12 and June 10 respectively. The leng^ of the life of the adult fed on 
glucose syrup in laboratory varied from 3 to 8 <^ys, the average being 6.3 days 
during May-June, 1939. 

Copulation takes place soon after the adults emerge and lasts an hour to 
an hour and a half. Invariably it takes place at night. The preoviposition 
period varied from 2 to 4 days with an average of 3.3 days. The average time 
of egg deposition was 6.2 da3rs varying from 4 to 8 days. 

The egg la3dng activities of the moths were observed in detail. Oviposi¬ 
tion usually occurs either early in the morning or just after sunset and as the time 
for oviposition approaches, there are indications of excitement on the part of 
of the female. After sometime she becomes quiet when the apex of her 
abdomen touches the surface on which she rests. She slowly lifte the tip of 
her abdomen and lays an egg. This process is repeated again and again until 
several eggs are laid in succession. The average number of eggs deposited by 
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the first brood moths was 271.7—tea females depositing 2,717 e^. The 
TnaximtiTn number of e^s deposited by a single female was 478. 

Life eyde of first generation: —The life cycle of the fiist genetatioa varied 
from 32 to 52 days, with an average of 46-7 days. In 1937 it ranged from 
36 to 50 da}^, in 1938 from 32 to 49 days, in 1939 from 35 to 50 days, while 
in X940 it ranged from 38 to 52 days. 

Second Generation 

During 1937, the first eggis of this brood were deposited on May 14 and 
oviposition continued up to Jane 9. The dates during 1938,1939 and 1940 were 
May 16, May 13 and May 10 and oviposition continu^ up to June 11, June 15 
and June 13 respectivdiy. The incubation period of the varied from 4 to 7 
with an average of 5*1 days. In 1937 it varied from 5 to 7 days, in 1938 from 

6 to 7 days wMle in 1940 it was from 5 to 7 days. 

During 1937, eggs commenced hatching on May 2Z and continued up to 
June 14. 1938 hatching started on May 23 and continued up to June 17; 

in X939 they commenced hatching on May 19 and conttoned up till June 21, 
while in 1940 hatching was in progress from May 15 to Jnne 18. The feeding 
period of the larvae ranged from 19 to 27 days with an average of 243 days; 
in 1937 it was 20 to 25 days, in 1938 from 19 to 26 days, in 1939 from 21 to 27 
days, while in 1940 it was from 19 to 27 days. 

The prepupation period varied from 2 to 4 days with au average of 
2'8 days. In 1937 it was from 2 to 3 days, in 1938 from 2 to 4 days, in 1939 
from 3 to 4 days while in 1940 it was from 2 to 4 d^s. 

During 1937, the first pupation took place on Jnne 19 and the last on 
July 8. The dates during 1938,1939 and 1940 were June 13, June 9 and June 

7 when first pupation was record^ and the last one in fiie three years was 
on July 12 and July 6 respectively. The pupal paiod varied from 4 to 7 days 
with an average of 5*2 days In 1937 it varied from 4 to 6 days, in 1938 from 
5 to 7 dsLjs, in 1939 horn 4 to 5 days while in 1940 it was from 4 to 7 days. 

In 1937, the first moths of the second brood emerged on June 23 and the 
last on July 13. The dates of first emergence durii^ the toee subsequent 
years were June 18, June 13 and June 14 and emergence continued up to July 
19 and July 10 respectively. The leug^ of of adult fed on glucose 
syrup in laboratory varied from 3 to 6 days with an average of 4*9 days during 
June-July, 1938. 

The preoviposition period varied from 2 to 4 days with ^ averse of 
3*1 days. The average time of egg deposition was 5*8 days varjnng from 4 to 8 
days. The average number of ^gs deposited per female of the second brood 
was 243*2—^ten females depositing 2,432 eggs. The maximum nnmber of ^gs 
deposited by a single female was 424. 

Life cycle'of second generation :~--lLhe life cycle of the second generation 
varied tom 29 to 45 days with an average of 37*4 days. In 1937, it ranged frcm 
31 to 41 days, in 1938 tom 32 to 44 days, in 1939 tom 30 to 42 days while 
in 1940 it ran^ from 29 to 45 days. 
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Third Generation 


Dtuing 1937, the first eggs of this brood were deposited on June 26 and 
oviposition continued up to July 15 The dates during 1938, 1939 and 1940 
were June 21, June 17 and June 16 and oviposition continued up to July 17, 
July 22 and July 13 respectively. The incubation period of the e^ vari^ 
from 3 to 7 days with an avera^ of 4*3 days. In 1937 it varied from 4 to 6 
days, in 1938 from 3 to 5 days, in 1939 from 4 to 7 days while in 1940 it was 
from 3 to 7 days. 

During 1937, egg^ commenced hatching on June 30 and continued up to 
July 20, - In 1938 hatching started on June 25 and continued up to July 18; 
in 1939 they commenced hatching on June 23 and continued up till July 25, 
while in 1940 hatdiing was in progress from June 20 to July 16. The feeding 
period of larvae ranged from 20 to 29 days with an average of 25*7 da3rs; in 
1937 it was 21 to 27 days, in 1938 from 22 to 29 days, in 1939 horn 20 to 28 
days while in 1940 it was fzom 23 to 29 days 

The prepupation period varied from 3 to 5 days with an average of 3*2 
days. In 1937 it was from 3 to 4 days, in 1938 from 4 to 5 days, in 1939 and 
1940 it ¥ms from 3 to 5 days. 

Dnxix^ 1937, the first pupation took place on July 26 and the last on 
August 20. The dates during 1938,1939 and 1940 were July 21, July 17 and Jtdy 
24 when first pupation was receded and the 1^ oae in the three years was 
August 14, August 18 and August 21 reflectively. The pap^ period varied 
fromdtogdays with an average 7*6 days. In 1937 it varied from 6 to 8 
days, in 1938 from 7 to 9 days, in 11^ from 7 to 8 days while in 1940 it was 
from 6 to 9 days. 

Inr937, tlie first moths of the third brood emeiged on Aiigust 2 and the 
last on ikngiast 28. The dates of first emeigeiftoe during the three subsequent 
years were July 29, July 26 and July 31 and emezgenoe oontinned vp to Angust 
20, August as and Aii^;ust 23 re^pectiv^. TTie length of life of adult fed on 
glucose synqi in lalKimtaiy varied from 4 In 6 da5^ with an average of 5^ days 
during Jufy>Axi^;tBt, 1940. 

The paeov^ostkm period varied firm an average of 4-2 

days The average time of egg deporitbn was 6’i days varying horn S to 8 
days. The average number cf eggs deporised per iemak of thizd bzood was 
293.9-—ten females depositis^ 2939 ^gs. ^fiae matimnm number of eggs 
deposited by a tinsjfe fanale was 491. 

Life^de of Mrd genermHon'—The fife■^^y3de of the third genexatioai 
varied fma 32 to 50 days with an avemge of 4018 days. In 1937, it 
from ^ to 47 days, in 1938 from 37 to 48 days, in 19^ from 35 to 48 days 
while in 1940 it xasaged from 52 to 50 days. 

Fmerth Gmerdtim 

Duiaag j: 937, first epp of the iotdith genenatkin were deposited oat 
August d, hut ovqiofiatiou continued rq> to September x. Thi> riafatMa 1938, 

1939 and 3940 wteie August i, July 29 and A-qgnst 4 and crw^jositkai oontiinied 
up to August 26, August asg and Augimt 25 respQdrve%^ The mcuhation 
period of the ^sgg;s varied from 6 to 9 days wi6k an amage of 7.6 days. In 
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1937 it varied from 6 to 8 days, in 1938 from 7 to 9 days, in 1939 from 6 to 7 
days wliile in 1940 it was from 6 to 9 days. 

During 1937, e^s commenced hatching on August 15 and continued up 
till September 8; in 1938 hatching started on August 9 and continued up till 
^ptember 4; in 1939 they commenced hatching on August 5 and continued 
tip till September 2 while in 1940 hatching was in progress from August 12 
to September x. The feeding period of the larvae ranged from 22 to 31 days 
with an average of 26.7 days , in 1937 it was 23 to 30 days, in 1938 from 22 to 
29 days, in 1939 from 24 to 31 days while in 1940 it was from 25 to 30 days. 
As the larva is full grown, it stops feeding and instead of forming cocoon inside 
the fruit, as in the case of first, second and third generations, leaves the fruit 
and seeli some suitable shdters under which it spins a cocoon. During 
1937, the first larva came out from the fruit on September 12 and the last on 
October 2. The dates during 1938,1939 and 1940 were September 7, September 
2 and September 4 for the first larva coming out of the fruit and the last one 
on September 28, September 30 and September 25 respectively. On leaving the 
fruit, the larvae seek sheltered places and the loose bark and the burrows 
of Quetta Borer on pom^ranate, quince and apple stems afford suitable places 
for cocooning. They are invariably found along with the cocoons of codling 
moth. The cocoons are formed of silken threads, more compact than those of 
the fihst three generations and are elor^te in shape incorporating in their 
walls bits of bark, etc. Securely enclosed in these cocoons, the larvae pass the 
winter until the approach of the next spring season, when they change into 
pupae. The prepupation period including hibernation, which as in the case 
of fiust, second and third generations, commences from the time the larva leaves 
the fruit and ends with pupation, varied from 170 to 194 days with an average 
of 182-7 During 1937*38, it ranged from 174 to 183 days, in 1938-39 

from 181 to 192 days, in 1939-40 from 170 to 187 days while in 1940-41 it was 
from 179 to 194 days. 

During 1938, the earliest pupation of overwintering larvae occurred on 
Maxch 14 and tfaelast on April 7. The dates during 1939, 1940 and 1941 were 
Haxch 10, March 16 and March z8 when first pupation was recorded and the 
last on Axnil 7, April 10 and April 9 respectively. The pup^ period varied 
from 15 to 21 days with an average of 17.9 days. In 1938, it varied from 16 
to 19 days, in 1939 ^5 to 20 days, in 1940 from 17 to 21 days while in 

1941 it was from 16 to 21 days. 

In 1938, the first moths of the fourth generation emerged on March 28 
and the last on April 25. The dates of fiirst emergence during the three sub¬ 
sequent years were Mjairih 3x1 March 25 and April 2 and emergence continued 
up to Mi^ I, April ^ and April 29 TespectiveLy 7 . The length of life of adult 
on ghicose syrup in laboratory varied from 7 to ii days, the average being 
8*8 days during j^iil-Mjay, 1941. The preoviposition period varied from 2 to 
7 days with an averse of 4*7 days. The average time of oviposition was 
10-6 days varying from 7 to 15 days. The average number of ^gs deposited 
per female fourth bzo^ was 314.8—^ten females depositing 3148 e^. The 
maximum number of eggs d^wsited hy a single female was 482. 

Ufe-iyde offcmik genefaHim :—The life-cyde of the fourth generation 
varied from 217 to 255 days with an average of ^5*9 days. In 1937-38 it 
vaoried from 219 to 240 days, 1111938-39 from 225 to 250 days, in 1939-40 from 
217 to 246 days while in 19404X it rai^i^ from ^6 to 25s days. 

The Bfe htstay data has been summarized in Table L 
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(Average baaed on 25 individuals of each generation), 
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Parasites 

The larvae of Euzophera punicella have been found to be heavily parasi¬ 
tized by a Braconid wasp, Apanteles sp. 
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STUDIES ^'ON DEAD-HEARTS’’ CAUSED BY DIFFERENT 
SPECIES OF SUGARCANE BORERS IN THE PUNJAB 

By Kban a. Rahman, b.sc. (Edin.). pb.D. (Cantab.}, p.r.b.s., 

AND 

Dai,bir Singh, b.sc., Agri. (PbJ, 

Punjab Agricultural College, Lyallput. 

‘*Dead-heart** is a familiar term with economic entomologists. It is 
applied to the topmost sugarcane leaves which dry up due to borer activity in 
the plant. The number of leaves making up the ** dead-heart" is variable and 
depends upon the species of the borer—this is true at least in the case of the 
more important sugarcane borers—responsible for causing it. This symptomatic 
significance of the **dead-heart" has not yet attracted attention of entomologists 
with the result that the term is applied very loosely and without any r^ard to 
its specificity. It is obviously of advantage to the entomologist to identify the 
culprit responsible for causing the **dead-heart’* at a glance particularly when 
he has to survey whole fidds of sugarcane to find the species of insect doing the 
damage and its prevalence. Besides, '^symptomatology” of insect attack, as a 
whole, has not received its due share of attention at the hands of entomologists. 
Therefore, the objects of this communication arc to (i) enable those interested 
in sugarcane Entomology to recognise the main sugarcane borers from the 
"dead-heart” produced by them and (2) stimulate interest in the symptomato¬ 
logy of insect attack. 

Of the various sugarcane borers the following are the most important and 
destructive particularly in the Punjab :— 

Scirpophaga nivella Fabr. 

Argyria sticticraspis Hmpsn. and 

Chilo trypetes Bi<!set. 

Our observations were carried out at Julluudur on the "dead-heart” 
production by the first two, and that produced by the third at Mukerian, during 
May-July, 1940 and the popular variety of sugarcane, viz., Co. 285 was selected 
for these observations. 

The numbering of the leaves, as followed in this article, is shown diagrani- 
maticaHy in Fig. i 

The "dead-hearts” produced by important species of sugarcane borers 
are described below. 


I. —Scirpophaga nivella Fabr. 

The cane attacked by Scirpophaga nivella Fabr. (commonly called the top- 
borer of sugarcane) always shows a "dead-heart” (Stebbing, 1903) whi^ 
consists of ^e dried up central fold of the leaves (Fletcher, 1919). As is now 
well-known, this caterpillar reaches the top of the cane by Iwring through the 
mid-rib. The newly hatched caterpillar always cuts a minute circular hole 
on the lower surface of the mid-rib of preferably the third or fourth leaf and 
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Fig. 1.—Showing the scheme of numbering of leaves. 

C. G. P.—Central growing point. 1, 2, 3, 4, 5 and 6 denote 
Istj 2nd. 8rd, 4th} 6th and 6th leaves respectively. 
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Fig. 2 .~Showing dead-heart caused by Seityo^haga nitellct F. 

d. h,—dead-heart; d. i. m.—dried inner margin; b. c. h.—black 
circular holes; 8. c.-“Side ents^ St—tnnnel in the mid-rib of 
Srd leaf. 
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tunnels through it: tunnels in the imid-ribs of the 2nd and the 5th leaves are 
also common and a few cases have been recorded where even the first and the 
6tlr leaves were found afFected. Once in the mid-rib, the caterpillar makes a 
longitudinal tunnel in it which is visible on its upper side (Fig.2,3.t). 1-4 
caterpillars may enter the same mid-rib but only one of them succeeds 
in entering the top of the cane. Each cate^illar makes a separate longi¬ 
tudinal tunnel of its own which extends parallel to one another and of 
these tunnels, only 56%-76% reach the base of the leaf. The mid-ribs of 
more than one leaf on the same plant may be utilized by different caterpillars 
for reaching the top of the cane: the number of tunndled mid-ribs in 100 
top-borer attacked canes was found to vary from 145-202 in different sugar¬ 
cane varieties. The tunnel, through which the larvae successfully bore their 
way through the mid-rib (such tunnels are white to begin with but later on 
appear as reddish longitudinal streaks (Fig.2.*3.t) ) to the top of the cane, is, 
on an average, 14*0'' long The caterpillar then eats its way through the 
tunnel which though having its inlet at the lower side of the mid-rib, runs 
nearer to the upper surface. If the bored leaf is old and separated from the 
central * whorl of leaves, the caterpillar reaches the base, and at the point 
of the junction, punctures the inner leaf which is tightly in contact and 
eats its way to the mid-rib through which it bores down for 1-5 inches. But 
if the outer leaf is still wrapped around the central whorl, the larva goes into 
the inner leaf at about the middle of the outerleaf where it touches the inner 
leaves. From there it enters the inner most whorl, tunnels down and causes 
a considerable damage to the central growing point which consequently dries 
up and causes '^dead-heart" (Fig2. d.h). The culprit, however, is not 
capable of totally disconnecting the central growing point from the lower part. 
Thus the “dead-heart" caused by S. niveila Fabr. is made up of only the** 
“ leaf spindle " which on drying develops a reddish tinge but ultimately becomes 
deep dark red. It cannot be pulled out, but when tugged at with force, it 
breaks leaving no cavity behind. In addition, the first leaf either has a series 
of black side cuts (Fig.2. s.c) or—and this is commoner—dried‘up inner margin 
(Fig.2,d.i.m). Moreover, the first four leaves, and very rarely the 5th leaf, 
have small black circular holes (called shotholes) arranged in pai^el rows across 
their width (Fig.2, b c.h). The number of the “shot-holes" varies from 3-61, 
with an average of 18, and the largest number of them are found on the first leaf. 

2.— Argyiia stieticraspis Hmpsn. 

The first sign of the presence of this pest (commonly called the stem-borer 
of •'Ugarcane) in a field, is the appearance of the “dead-heart" which consists of 
the dried up ceiitral shoot. The caterpillar enters from the &ide and eats its 
\va\ liito the interior of the shoot. This species is capable of completely 
ering the connection between the lower portion of the shoot and the central 
growing whorl of leaves. Our observations show that the “dead-heart” caused 
bv d. sticiicraspk Hmpsn. is made up of the “leaf spindle" and the first and 
the second leaves (Fig 3) and very rarely the third leaf; on an average, it is 
made up of 2.5—^3 leaves. The “dead-heart” is greyish white in colour and, 
being completely severed from the parent pkmt, can be easily pulled out 
th^by leaving behind a well-defined cavity. The base of the “dead-heart", 
which gets comf'letely rotted, gives an offensive smell. 

4: TJppennost young leaves arranged in a circle round the axis. 

^ Central roll of unopened leaves 
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Fig 3 —Showing dead heart caused by Aigyi%a sticftefospis H 
Lmht sAodSs—Dried leaves, Dark shctde—OcTeen leaves 
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Fig. 4.~-Showing dead^heaxt caused by Ohilo irypetes Bisset 
Light shade —^Bried leaves., Dark shade^GrBea. leaves. 
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3.—Chilo trypetes Bisset 

This pest (commonly called the new pyralid borer) has been recently 
brought to fight by Rahman and Tandon, (1940). According to them “ in the 
beginning of the attack, side-leaves wither, but as the attack proceeds further, the 
entire whorl of the leaves including the “ leaf spindle ” dries up'' (Fig. 4). The 
details concerning the number of leaves making up the “ dead-heart" produced 
by this pest are given in table I below:— 


Tabi,b I 


Number of the leaf 

Percentage of attacked canes wherein the leaf 
is found to be partially or completely dried dp. 

Leaf spindle 

9S.2 

First 

99.5 

Second 

99.5 

Third 

98.8 

Fourth 

23.1 

Fifth 

1.6 

Sixth 

06 


It will be observed from this table that the leaf spindle ** in about 7 
percent of the attacked canes remains healthy and that generally the ist, 2nd 
and 3rd leaves dry up in the cane attacked by this pest. Thus, there is no 
dead-heart ”, in the strict sense of the term, produced by this pest, because, it 
is the entire whorl of the top leaves of the attacked cane which dries up. The 
dried leaves are dull-white in colour. 

4.— Diatraea sp. 

The dead-heart caused by this species may, on superficial examination, 
be confused with that caused by Argyria sticticraspis Hamp. but the number 
of leaves which get dried up due to attack of Diatraea sp. is ^ways more than 
three—on an average 4.5 leaves make up the *'dead-heart” in this case. All 
the leaves in the whorl, except the outermost one or two, are affected and 
consequently get dried up. The “dead-heart” can be easily pulled out. 

5.— ^Emmaloeera depressella Swinhoe 

The “dead-heart” caused by this species resembles the one caused by 
Argyria sticticraspis Hmps. in shape and colour but cannot be pulled out as 
the seat of damage is down below. 

The symptomatology of the attack of different species of sugarcane borer 
is recapitulated below in table II. 


*Tndiaa J. Ent., 4 (ly 
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SHORT NOTES AND EXHIBITS 

Coecids attacking sugarcane in India 

Ramachandran and Ayyar (2) listed only five species of Coccids as attacking 
sugarcane in India. Subsequently Ayyar (i) recorded Aclerda japonica var. 
inermis Green on this host. Observations made in various parts of India and 
the examination of the Impl Pusa collection of Coccids have brought to light a 
number of species hitherto unknown on sugarcane and some recorded for the 
first time from India. In the light of new knowledge obtained the following full 
list of coccids now known to attack sugarcane in India, has been prepared. 

Diaspididae 

1. Lepidosaphes sacckari Hall—^This species has been found in United 
Provinces, Bihar, Bengal, and in N. India and Coimbatore in the South. This 
species which was not recorded hitherto from India was onginally described from 
Egypt. 

2. AonidieUa glomerata (Green)—^This scale has been found in various 
parts of N. India and at Coimbatore. The attack is sometimes very severe. 

3. Duplachionaspis diver gens (Green)—This scale although noticed on 
Andfopogon nardus and A sorghum in India, has not been known to attack 
sugarcane. This species has recently been found doing some damage at 
Coimbatore. The attacked plants, specially young wither away completely. 

4. Odonaspis seer eta saccharicatdis Zehntner—This species has been found 
attacking sugarcane only at Coimbatore. This is the first record of the species 
from In^. 

5. Temnaspidiotiis kdlyi (Brain)—This scale which was first described 
on a grass in South Africa, was noticed on sugarcane at Delhi. This is the 
first record of this insect in India. 

Fseudoeoeeidae 

6. Ripersia sacchari Green—This species was first described by Green 
from specimens obtained from Gorakhpur. It has also been obtained from Bihar, 
Bengal, Poona and Coimbatore. 

7. Trionymus sacchari (Cockerell)—^This species has been recorded from 
Poona, Delhi, Karnal, Gorakhpur, Pusa and Coimbatore. This is a very widely 
distributed species. 

8. Pseudococcus saccharicola Takahashi—This mealy-bug which was first 
described from Formosa has been found doing some damage at Coimbatore. 
It appears to have been recently introduced in India. 

9. Pseudococcus saccharifolii Green—This mealy-bug has been found at 
Samalkot and Pusa- We have noticed this species at Delhi, Kamal and Meerut 
on sugarcane. 


^Indian J, Ent., 4 (Ij’ 
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10. Antonina indica Green—^This species has been found attacking sugar¬ 
cane at New Delhi and Coimbatore. This was so far known only to attack 
grass. 


Aeierdidae 

11. Aclerda japonicaNQVJst^oA —^This has been recorded in various parts 
of the sugarcane growing tracts both in N. India and S. India. 

12. Aderda distorta (Green)—This species was obtained at Coimbatore. 
This is the first record from India. 

13. Aderda jafonica var. inermis Green—This has been found by Ayyar 
(i) on leaf sheaths of sugarcane at Anakapalle in the Madras Presidency. We 
have not seen this species. 


Margarodidae 

14. Icerya pilosa var. nardi Green—^This giant mealy-bug has been found 
at New Delhi, Kamal, Meerut and Coimbatore. 

New Delhi, January, 1942. H S. Pruthi and V. P. Rao 


The Cotton-Stem-Weevil—A Friend or Foe ? 

Pempherulus affinis (Faust), the cotton-stem-weevil is generally considered 
to be one of the major pests of cotton in India. The writer's observations 
on five varieties of cotton {Wagale, C19 x W5, hii x W6, Rosea x (S x W) and 
(S X W) X Dh2) at the Cotton Experimental Farm, Mahlaing (Burma) during 
1937-39 show on the contrary that an attack by this weevil does not in any 
way impair the productivity of the cotton plant, provided the attack does not 
occur before the plants are about two months old. If cotton is attacked before 
this time, most of the plants are killed off; such early attack is very rare. 

It was found in the above mentioned experiments that {i) the cross 
I4II X W6 which was the most heavily attacked yielded the highest of all the 
varieties ; and other varieties which were relatively less attacked yielded corres¬ 
pondingly less; and («) in corresponding plots of the same variety of cotton 
those with a higher percentage of infested plants yielded more kapas. These 
results were found statistically sound also. 

One explanation of this astounding fact may be that the intensity of 
infestation and the yield of kapas may be positively correlated to some other 
factor in the plants, such as succulence, but entirely independent of each other. 
This explanation, however, is untenable, because if the attack by the weevil 
were definitely harmful to the plant in reducing the yield of kapas, then the 
vigour, succulence or any other such ^ctor on which depended the intensity of 


(1) Ayyar, T, V. R. ( 1936 )—Notes on Goccidae from South India. J* Bombay nat, 

BvttSoe^^i 148 . 

( 2 ) RamclwaidMn, S. and Ayyar, T. V. R. ( 1934 )—Host Plant Index of Indo- 

Oevlonese Ooocidae. I. 0 . A. R. Miso, Bull, No. 4$ p. 111. 
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attack and the yield, would have to increase at an incredible rate in order not 
only to compensate for the loss due to the weevil but also to increase the yield 
as much again. 

The true explanation appears to the writer to be based on different reasons: 
Cutting off the supply of water by draining away the fields or adding phosphates 
to the soil, so that absorption of water and other nutrients by the root is 
checked, or by allowing cattle to trample the plants, is known to check un¬ 
necessary vegetative growth and to induce flowering and ear-formation in 
paddy plants. In the same way too luxurient vegetative growth leaves the 
cotton plant insufScient time and capacity for satisfactory flowering and fruiting. 
By tunnelling round the effective vascular system of the plant, the weevil grub 
cuts off the supply of water and nutrients, thereby inducing flowering and 
fruiting in time. 

According to the writer's experience, the number of plants having at all 
suffered seriously due to even a heavy attack of the weevil has been very small 
indeed : probably the larval burrow is not moist enough for any fungi or bacteria 
to breed therein and do any harm. The stem is also not weakened to such 
an extent as to break under the stress of high wind, unless the infestation on 
individual plants is very heavy and the stem is very badly riddled with tunnels ; 
and these cases are extremely rare. 

The writer, therefore, is of the opinion that the stem-weevil of cotton may 
in fact be a blessing in disguise; though apparently a pest boring the stem, 
it is a desirable check on the superfluous vegetative growth of the plant and 
a timely stimulus ” for it to flower and fruit. Further experiments may decide 
whether P. affinis is really a pest or a friend of the cultivator and may further 
lead an entomologist to revise the status of many an insect called pest today. 

New Delhi Bhumsher Singh 

Hote on Empoasca punjahensis Pr.» the eausal agent of hopperburn in potato. 

During the last season, potato badly suffered from hopperburn at Delhi 
produced by Empoasca punjahensis Pr. Pruthi {Indian J. EnL, 2, (i) : 1-10-1940], 
originally recorded this Jassid on bajra, beans, brinjal, carrot, cotton, guava, 
lentil, lucerne, potato, safflower, tobacco, tomato and zinnia. This year 
(1941-42) it proved the major pest of potato at Delhi. 

The jassid oviposits on leaf-veins. The nymph moults five times m about 
19—21 days at the average maximum and minimum temperatures of 65°F. and 
6 o®F. respectively; and 17 days at yi^F. and 65®F. respectively. The adult 
lives for 7-15 days under the same conditions. 

Both the nymphs and adults infest the lower surface of lower leaves, in 
between primary veins, seldom on stems or leaf-petioles. Being non-migratoiy, 
nymphs feed on the same leaf for a long time thus causing relatively more 
hopperburn than adults. There are roughly five stages in the formation cff 
hopperburn comprising of etiolated spots and patches, burning (browning), and 
rotting of leaf-margins, leaf-tips and finally the death of leaf. It appears that the 
hopperburn is possibly caused by mechanical injury to pl^t^ cells, physiological 
disturbances created by desapping, toxicity of the jassid saliva and the 
12 “Indian J. Ent, 4 (1)»* 



90 


Short Notes and Exhibits 


slits made by emerging nymphs which bring about sudden collapse of 
leaf parts oviposited upon by the female. No specific virus appears to be 
involved though in certain stages, the potato hopperbum would apparently 
resemble the symptoms of potato leaf roll (in "Arran Comrade*') and ij^f-drop- 
streak disease (in "President” variety). 

In the field, the potato sprouts about one month old (ue, in November), 
were visited by the adult jassid and the hopperbum was more or less inconspicu¬ 
ous till the end of December when the crop showed marked signs of hopperbum 
due to the delayed appearance of the nymph. The attack of this jassid in the field 
is confined usually to certain localities and also shows some varietal preference 
namely, varieties like "gola” and "italian white” suffered the most, whilst 
"phulwa” lightly escaped the hopperbum. Brinjal, lucerne, tobacco, tomato 
and safflower also suffer from hopperbum in varying degrees. Further investi¬ 
gations are being made. 

New Delhi E. J. Vevai 


Trypanea stellaia Faessly^ a new pest of some Compositae in India. 

Trypanea stellaia Fuessly, (Trypetidae: Diptera) is widely distributed in 
different parts of the world. In Europe the maggots of this fly feed in the 
flower heads of Compositae. The fly is being recorded in Delhi for the first time 
from India. In the Safdarjang Nursery, New Delhi during October, November 
and December 1941, about 25 to 30% of the flowers of Calendula officinalis were 
attacked by the ma^ots of this fly. The infested buds either do not open at all, 
or open partially, flower-heads get shrivelled due to rotting of the attacked florets. 
Sometimes the maggots bore into the thalamus in which case the flower-heads 
droop down and dry up. No seed formation takes place in the infested flowers. 

The adult flies are lovers of sunshine and remain active throughout the day. 
The female deposits its eggs in clusters of 4 to 10 or even 20, either in the buds 
or in between the florets of the open flower heads. Pupation generally takes 
place in the flowers but sometimes in the soil as well. The duration of the 
various stages in the life-history from October to April can be summed up,as 
follows:— e^ I to 3 days, maggot 5 to 12 days, pupae 6 to 40 days and adult 
8 to 22 days. 

New Ddhi, 12th June, 1942 Kaitwae K. NntULA 

A note on the haMts of Eretis sticticus L., a predator on mosquito larvae. 

Eretis sticticus E. (Dytiscidae) has been known to feed on mosquito larvae 
{Culex sp. and Anopheles sp.) for a long time, but the habits of this beetle, which 
were not fully known, were studied in detail at Delhi. 

With the onset of monsoon, the beetle is found in great numbers in 
stagnant waters. The cylindrical, whitish ^gs are laid singly in mud at the 
bottom of water and are covered with a layer of foamy secretion. The 
incubation period is about 3 days in August. 

The small newly hatched larva is very active; on being disturbed it darts 
into water shooting to the surface again. It is predacious on all stages of 
mosquito larvae. A full-grown larva feeds on as many as 100 larvae in 24 
hours. About 350-400 mosquito larvae are eaten by a single individual during 
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its development. It pounces on its prey and catches it at its hind end with 
its strong mandibles, drags it under water and eats it leaving only the head 
capsule. The predator larva is cannibalistic. The larval period is 8-12 days in 
August. The full-grown larva burrows into the soil on the sides of ponds to 
about three inches depth and forms an almond shaped smooth cavity and 
pupates therein. The pupal period is 4-6 days during August. 

In the absence of food, the adult beetles are cannibalistic. They are very 
swift fliers and in rare cases are attracted to light. 

New Delhi Sher Khan 

AntUochus cocqueberte (Fabr.) a predator of Dysdercus cingulafus 

Early in November last, AntUochus cocqueberte (Fabr.) was observed pre¬ 
dating on Dysdercus cingulatus (Fabr.) in cotton fields at Delhi and at Kamal. 
From what was observed there was no doubt that it was a case of well established 
predatism. The predator remained active throughout November but disappeared 
rather suddenly early in December. 

It was quite interesting to observe the ferocity with which AntUochus attack¬ 
ed Dysdercus, The predator would actually run after the prey and practically 
jump on to it and pin it down, thrusting at once its proboscis into its antennal 
cavity. The prey would be apparently cowed at the approach of the predator and 
when caught hold of would hardly struggle for a few seconds before being com¬ 
pletely paralysed by the predator’s proboscis piercing deep into its head. The 
predator, after paralysing the prey, would continue sucking its body fluid at ease 
but with tenacity at times up to 30 minutes or so till the prey is completely drain¬ 
ed off and looks quite empty against light. Sometimes the predator would take 
out its proboscis from the antenal cavity and begin sucking through the interseg- 
mental membrane on some other part of the body. The tenacity with whidi 
AntUochus sucks will be evident from the fact that several times its was possible 
to chop off its proboscis while it remained deeply thrust into the body of the prey. 

New Delhi S. Pradhan and R. Mennon 


Julodis aikinsoni Kerr 

This Buprestid beetle was first reported from Dehra Ismail Khan (Punjab) 
causing considerable damage to cotton and melon crops in June 1895. (Indian 
Mus, Notes, 4 (2): 49 (i 80 ). 

A female of this beetle was recently fotmd feeding on **joasa leaves at 
Delhi. It also fed on leaves of cotton, hollyhock and Zizyphus in captivity and 
laid 38 eggs in the soil singly as well as in small batches in 32 days. The eggs 
are creamy-brown and cylindrical, with rounded ends. The incubation period is 
35 days. The larva comes out by making an opening near the middle of the 
egg. The larvae on hatching go into soil where they feed first on the roots. 
This is the first time since 1895 that e^ and larvae have been obtained and the 
feeding habits of the larva obs^ed. 


New Delhi 
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Biological notes on two new 6gg»parasites of Bagrada picta Fabr Pentatomidae. 

There is no previous record of any parasite of Bagrada picta in India. 
The writer recently discovered two new species of Scelionids (Serphoidea) 
parasitizing the eggs of this bug at Delhi in a field of cruciferous crops under 
rather interesting circumstances. Contrary to the prevailing view, B, picta lays 
eggs in the soil at a depth of about They are laid in irregular groups of 
15 to 75 eggs in loose soils found near ant-hills, termite-nests, rat-burrows, etc. 
Total number of eggs laid per female during March-April was 55 to 228, the 
average being 155 Newly laid eggs are generally copiously covered with a 
mucilaginous secretion, and since the chorion is minutely fringed with short 
hairs, the soil particles readily adhere to their surface, forming a protective case 
to each egg in a cluster. Towards the first week of March, large numbers of 
adult parasites were observed emerging from the soil and closer examination 
revealed the first stage nymphs of Bagrada also emerging from the same place. 
The parasites and nymphs continued to emerge from the soil till the end of 
April. The parasites collected from the field freely oviposited and bred in the 
^s of B. picta laid in the soil in the laboratory. One of the parasites has been 
found to be an underscribed species of the genus Liophanurus while the other 
which is relatively more abundant is possibly a new species of the genus 
Tipkodytes. The former was more abundant towards the end of April and the 
latter towards the end of May. 

Liophanurus sp—Parasitism by this species which was about 15% in the 
middle of March increased to 25% by the end of April when the pest was at its 
maximum intensity. The ratio of male parasites to females that emerged in the 
field was 1:3. In the laboratory, 30% of the host eggs laid exposed without the 
soil were parasitized by a single female against 20% of those laid in the soil. The 
soil covering around the eggs very probably affords certain amount of protection 
to them against parasitism. Newly laid eggs seem to be comparatively less 
pr^erred for parasitism than 24 hours old ones as the former are covered 
with mudlagiuous secretion, and this preference for parasitism extends 
until the eggs are 4 days old. At first, the parasite' is seen rapidly moving 
about on the egg-cluster tapping each egg by means of its antennae, and there¬ 
after it inserts ite ovipositor into the sutured margin of the operculum. The 
host-egg turns light grey 4 days after it has been parasitized and dark grey 
after another day or two. The parasite comes out of the egg by pushing the 
lid open much in the same way as the young nymph of the host. The egg-shell, 
after the emergence of the parasite, can be distinguished by the absence of the 
membranous exuvium (or post natal moult) which is usually seen protruding 
in the form of a tube at the open end in a normally hatch^ egg. The life- 
cycle of the parasite was found to be almost equal to the incubation period of 
the host-egg during March-April, i,e. 6 days. This species was, however, on the 
decline from May onwards. 

Typhodytes sp —In the first week of May, adults of this scelionid appeared 
in the field along with the young nymphs of Bagrada^ both emerging from the egg- 
clusters in the soil. The degree of parasitism noticed was 18-20% and the ratio of 
males to females was 2 :3. In the laboratory, a single female parasitized 25% of the 
^gs laid by the bug outside the soil against 22% laid in the soil. The incuba- 
tirm period of the e^ during May was 4-5 days, while the life-cycle of the 
parasite occupied 12 days. In the absence of the cruciferous plants, both the 
pest and this eg^-parasite were observed breeding in the compost heaps in 
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the neighbourhood to which they migrated. It appears that the fermenting 
materials in the compost, probably containing sweet substances, are capable of 
supplying the nutrition required by the pest. The pest as well as the second 
parasite were on the decline from early June. 

New Delhi C. K. Samuei, 

Biology and distribution of Chilo trypetes Bisset in the United Provinces. 

The occurrence of this borer in the United Provinces is mainly confined 
to both sides of the lower Siwalik ranges in the Dehra Dun and Saharanpur 
districts. The pest is monophagous and has been found to attack so far 
sugarcane only. Damage by this borer starts from the end of June and 
continues upto the end of August. The period of hibernation is from September 
to middle of June. First brood larvae (June-July) bore the cane shoot 
3'-4' above ground, and make a spiral round the place of their first attack. 
They enter the plant through eye-buds and travel upwards in stem making 
tunnels- Larvae of the second generation (August-September), however, do 
not bore upwards, but tunnel down towards the root. The pest has been found 
to be most serious in swampy localities and in the fields in which sugarcane 
was preceded by paddy. The varieties of cane most susceptible to the attack 
of this borer have been E K 28, CO 213, and CO 356, For control, the removal 
of cane stubbles after harvest is su^ested. 

A detailed account will appear later on. 

Cawnpore B. D. Gotta and R. L* Ga»g 

RelaUve ineidenee of Sugarcane borers at Cawnpore. 

These observations, spread over a period of one and a half years, were 
taken at various times of the year. It was found that Scirpophaga niveUa F. 
was by far the most abundant of all sugarcane borers found at Cawnpore. 
The period of its maximum activity apjieared to be September-October. One 
relieving feature, which may be of considerable importance to local sugarcane 
growers was, that the mortality among the top-shoot borer larvae was very 
high due to various parasites. For instance, of the 150 larvae collected from 
different sugarcane fields during February 1942, hardly one fourth of these 
were healthy; the rest were in various stages of parasitisation. 

The next in importance of occurrence was the stem-borer A^rgyria 
sUcticraspis Hmpsn. It was found both in young as well as in old canes, 
but was more abundant in the young ones. Its incidence was relatively much 
low when compared with that of S. nivella F. Emmalocera depressella Swinh. 
was chiefly found in young canes and only occasionally in old canes. During 
January-February, 1942 it was rare in cane fields. A few caterpillars of 
Sesamia uniformis Dudgn. or Sesamia inferens Walk, were also collected from 
sugarcane crop during January-February. Unfortunately no pupa could be 
got out of these and therefore it is not possible to say to whici particular 
species of the two they belonged. 

The author has not been able to record any other sugarcane borer at 
Cawnpore so far. 

Cawnpore P. L. Chatotvudi 

“Indian 
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Biology and eontrol of Anthrenus vorax Wat. at Cawnpore. 

The species, Anthrenus vorax Wat. which belongs to the family Dermestidae, 
order Coleoptera is the commonest pest of animal fibres in India. The larvae 
which have a cylindrical elongate body covered with hairy processes are 
commonly known as ‘Woolly Bears*. The larvae are the real pests whereas 
very little if any damage is done by the adult beetles. Every conceivable kind 
of woollen goods is damaged. 

The female lays minute white fragile eggs which have been observed to 
hatch out in a month or so in March and April. The young larvae soon after 
hatching begin to eat and unless they are able to obtain their food quickly they 
soon perish. Grubs have successfully been reared in a dark chamber maintained 
at 8 o- 95°F and 70-80% humidity. 

Beetles and their grubs prefer dark and damp places. The essential food 
sought is kpatin. If by chance, cellulose becomes the only edible material, 
the larvae sicken and die. The grubs fed upon various keratinous substances 
like wool, fur, feathers, hairs, hoofs and horns but showed marked preference for 
wool. The hygroscopicity of wool accounts for its preference by the larvae for it 
is an article of nourishment. 

The indications of attack by the larvae of Anthrenus vorax Wat. are the 
identations or irregular spaces in the infested material, the presence of the dead 
or dying grubs, of pupal cases and of disintegrated fibres and hard dark pellets 
of the excrement of the larvae which drop away from the infested material when 
it is handled. A direct relation exists between the amount of uric acid excreted 
by the larva and the degree of attack. 

The most effective way of preventing damage from the larvae of ‘Woolly 
Bears* is by impregnating the individual fibres of woollen goods with a toxic 
solution. Dinitro-alpha-naphthol, eulan, and iron chromium solution are 
found to be the best for adoption. Exposure to light, cold storage, sterilisation 
by heat and fumigation by hydrocyanic acid and paradichloro-benzene have 
proved successful. Part success in preventing damage has been achieved by 
using naphthalene balls and neem leaves and extracts. 

Cawnpore S. E. Perte 


Lepidopterous pests of stored products in the Punjab. 

Cotcyra cephalonica Staint., Ephesiia cautella Walk., Stathmopoda trissor- 
rhiza Meyr. and Sitotroga cerealella Oliv infest bran, dried graps, “Anab” 
berries [Ztzyphus sp) and wheat respectively. The first three are new to our 
collection. 

LyaUpur Khan A. Rahman 

Effect of food on the longevity of Tetrastichus pyrillae Craw. 

The adults of Tetrastichus pyrillae were confined on different flowers, 
honey dew produced by Pyrilla adult and nymphs and diluted honey during 
September and October. It was observed that they could survive for 16-21 
days on Ratten jot {Vinca rosa) flowers, 7-13 days on honey dew and 2-11 days 
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on flowers of Quisqualis indica, Cosmos diversifoUus; Verbena sp„ Brachycome 
iberidifolia, Petunia hybrida, Gossypium hirsutum and Ipomaea sinnata and 
diluted honey. 

Lyallpur Pastap Singh 

Palarus sp. a new predator of bees at Lyallpur. 

This wasp, which is a new enemy of Apis indica F., was recorded for the 
first time at Lyallpur in May 1940, when it was observed killing large number 
of bees every day. It attacks the bees with lightening rapidity and stings 
them into insensibility. It becomes active during summer especially in the 
hot and dry months and its activity may extend even upto the end of Septem¬ 
ber. It visits the hives on hot and sunny days between ii a.m. and 4 p.m. 

Lyallpur Pritam Lai* Sharma 


NEW BOOKS AND MONOGRAPHS 

Embryology of Insects and Myriapods. By O. A. Johannsen and F. H. Butt, Pp. 

1-462. McGraw-Hill Book Co., New York & London, 1941. 

The science of embryology has, from its birth, remained peculiarly German. 
In the embryology of insects too, the outstanding contributions, both in the comparative and 
the experimental branches, are lugely in Gem^—starting from the pioneering studies of 
Suckow (1818), KoBifcer (1842) and Bobreczky {1878), down to the extensive and elaborate 
works of the two great masters, Graber (1877-1891) and Heymons (1890-1912), in comparative 
embryology and of Professor S^dei and his Konigsberg school (1926-to <^te) in experimental 
embryology. Nearly 80 per cent of the extensive literature on the subject is in German. It 
is no wonder, therefore, that authoritative text-books have also all been written in that 
language. These arc the well-known works of Korschelt and Heidcr (1892-1910) on 
Invertebrate emoryoiogy, the recent edition of this work by Korscfaelt {VergL Entir. d. Tiers, 
Bd. II, Jena, 1936). mid the comprehexisive account on ^<Embry(^enese d. Insekten” by 
Hirschler (1924-1927) in Schroder’s Handb. d. EntomoL, Bd. 1. 

The book of Johannsen and Butt is, theiefore, welcome to those conversant with the 
English language o^y. It is divided into two parts. Part 1 deals with the genezal and 
comparative aspects of insect embryolc^. There are chapters dealing with fertilisation, 
maturation, cleavage, early development of the embryo, gastrulation and the formation of the 
germ layers, oiganogeny, polyembryony, parthenogenesis, and experimental embryology. 

Part II deals in considerable detail with the embryology of one or more types in each 
of the (nders of insects. Here we obtain some idea of the bewildering variety of the modes 
of embryonic development among insects, and of the great difficulty of satisfactory interpre¬ 
tation of some structures. On controversial issues, the general plan followed by the authors 
is to quote impartially the opinion of the various writers, leaving the reader to judge for 
hiiz^lf the view to be adopted. 

Many sections are, both in the textual matter and the illustrations, freely copied with 
adcoowl^ement, firom other authors such as Ridiards and Miller, Heymons, Roonwal, 
Noskiewiz and Poluezyuski and others. The book would have acquired greater coherence if 
the authors had collated the matter in their own language and style. 

Unnecessary and often confusing coinage of new terms is unfortmiately very common 
in American cntomolc^cal literature. The present authors have been unable to escape from 
that tendency. They have used strange names for some of the wellknown insect orders. Bot 
example, Oligoentomata and Aptilota are used for the Apterygote orders, and Oligofnephridta 
for the Psocoptera, Anoplura, Thysanoptera and Hemiptera. 
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The bibliography of nearly 700 references greatly enhances the value of the book. A 
few errors that have come to my notice are mentioned below: 

Hertwig, R. Sitxb f. 1880 ” and ^*Zeitsrkr» /. Nattiriciss,, Jena 14: 12^128. 
1881 ” cannot be traced. The reference is not in Jena. Z. Naiurteiss. 14 « I 5 j 
188O31881; nor in Naturwiss., Leipzig, 1883,1881. 


Nel Z930 should be 1929. 

Newport 1851 should be 1847. 

Nicholson 1821 should be 1921. 

Patten z8886 should be 1889. 

Pierentooi Z9r4: Ermafrodatismo is given as a periodical, but is really a part of the 
title of the paper. 

Schrader, pp. 279-309 should be 279-302. 

Silvestri Z907 should be Z906. 

Snodgrass Z927 should be 1926. 

Tichomiroff Nature 36, Z885 should be 3Z. 

Tichomiroff Z900 should be 1890. 

These are minor errors in an otherwise carefully compiled bibliography. 

We are indebted to the authors for providing us with an indispensable and very 
dependable treatise on a difficult subject. 

M. L. Roonwal 


NEWS AND ANNOUNCEMENTS. 

L. Dina Nath Tandan is officiating as assistant to the Entomologist, Pimjab Govern¬ 
ment since December Z94Z rice Dr. R. L. Chopra who proceeded on medical leave. 

In March, 1942 at the instance of the Iranian Government, the Government of In^a 
sent a Locust Delegation under the leadership of Dr. Taskhir Ahmad, Assistant Entomologist, 
I. A, R. I. to Iran to advise and demonstrate anti-locust measures. Majority of the mrabers 
of the detection were members of the Entomological Society of India. Besides studying the 
previous faSstory of locust invasions and places of locust breeding and controlling locust on a 
Wge scale in Rhuzistan province, the delegation has brought a large collection of insect fauna 
of that country which will be very useful to us in the future. 

The I. C. A. R. sanctioned a scheme of work from the 1 st Ap^, 1942 for the study 
of the control methods of jowar pests in storage. The scheme is sanctioned for three years 
at the I.A.R.I. under the Imperial Entomologist and for one year in the Punjab, U.P., 
Bihar, C. P., and Madras under the respective provincial Entomologists. 

Work Tmder the Sugarcane Pests Scheme of the I. C. A. R. terminated on the 3zst 
March, 1942 but a separate scheme on the biolo^cal control of the sugarcane borers was 
sanctioned from 1-4-42. at the I. A. R. I. and various provincial centres for 2 years. Field 
experiments to test the efficacy of Tnchoqramma are to be conducted in Bhopal, Orissk, 
B^al, (Setabganj) under the direct control of the Biological Control Research Officer and 
in tite I^jab, U.P., Bihar, Bombay and Ma<fras under the respective provincial Ent<>> 
mologists. Dr. Taskhir Ahmed took over charge of B. C. R. O. 

Coordinated sdieme of Anti-Locust work under the Imperial Entomologist came into 
operation from May, 1942. All provinces and states in North West India are to cany out 
control work on a co-opemtive basis. 

Dr. E. S. Naryanan, M. Sc., Ph. D. (London) has been appointed as officiating Assistant 
Entomologist, I. A. R. I. vice Dr. Taskhir Ahmed. 

Mr. B. B. Bose has been appointed as offidating Second Assistant Entomologist eke 
Dr. B. S. Narayanan. 
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Dr. R. L. Chopra, a foundation member of the Entomological Soaety of 
India, passed away on the loth April 42, after a short illness at Ms residence at 
Lahore at the early age of 47. 

Dr. Chopra took his M.A. degree in 1917 from the Government College, 
Lahore, after which he proceeded to Engird for higher studies. He earned 
Ph. D. in Entomology from Aberystwyth, Wales in 1923 and joined the Entomo¬ 
logical section of the Punjab Agricultural College, LyaUpur in August 1925. 

He was mainly engaged in teaching entomology to agriculture students, 
and officiated as Entomologist to Government Punjab, on several occasions. 

He leaves behind a large number of friends and relations to mourn his loss. 

PROCEEDINGS OF 

THE ENTOMOLOGICAL SOCIETY OF INDIA 

NEW DELHI BRANCH 

igth January, 1^42 

Dr. H. S. Pruthi was unanimously elected President of the Branch Society. 
Exhibits — 

Dolycoris indicus Stal. on Sesamum indicum .. M. Bose 

An interesting coccid on rose at Delhi ,. K. K. Nirvla 

Communication — 

On San Jose scale and woolly aphis in Kashmir .. A. P. Kapur 
24th February, 1^42 

Exhibits — 

The weevil, Micrdariitus rhinocyUoides and its 

parasites .. .. .. Ghulam Uuah 

Potato hopper-bum by Empoasca punjahensis .. E. J. Vevai 
Conmunication-- 

On the scope and aims of studies on insect 

population .. •. .. .. S. Pradhak 

On fresh water Trichoptera .. .. P. J. Deoras 

22nd May, ig42 

Exhibits — 

Ichneumonid parasite of Heliothis armigera .. Mohan Singh 

> SaihrophyUa sp, on jowar .. .. K. R. Sontakay 

Communication — 

Some of the drawbacks in the present method of 

controlling fly breeding .. .. K. K. Nirula 

Locust situation in Iran . • .. Taskhir Ahmad 

Boring habits of the sugarcane borer. Argyria 

sticiicraspis . - .. .. A. R. Panda 

A few observations on Apis dorsata .. .. K. R. Sontaxay 
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U. P. BRANCH—CAWKPORE 

i8th February, 1^42 


General — 

Dr. K. B. Lai and Mr P. L. Chaturvedi were elected respectively Pre¬ 
sident and Secretary of the Branch Society for 1942 
Communication — 

Biology and distribution of Chtlo trypetes Bisset 

in the United Provinces •. .. B. D. Gupta & 

R. L Garg 

Exhibit — 

Dichocrocis punctiferalis Guen. as borer of mango 

inflorescence at Benares .. .. K. M. Gupta 

2yth May, ig42 

Exhibits — 

Grubs of Anthrenus vorax Wat. .. .. S. L- Perti 

Nests of mango leaves made by QecophyUa 

smaragdina F. .. .. .. K. B. Lal 

Communication — 

A short note on the biology and control of 

Anthrenus vorax Wat. at Cawnpore .. S. L. Perti 

A short note on the relative incidence of sugarcane 

borers at cawnpore .. . • .. P. L. Chaturvedi 

PUNJAB BRANCH—LTALLPUR 

2^ November, 1^41 

Exhibit — 

Tetrastichus fyrillae Craw. ,. .. Partap Singh 

Communication — 

Biology of Bruchus analis F. & Bruchus chinensis L. A. N. Sapra 
joth January t 1942 

Exhibit — 

Lyctes africanus Lesne and its parasite .. Gurcharan Singh 

SOHNI 

Communication — 

The Lemon butterfly .. .. .. Dina Nath 

Tandon 

2Slh February, 1^42 

Exhibit — 

Grubs of Attagenus piceus Oliv, .. .. A. N. Sapra 

Communication — 

Further studies on maize borer 


.. Anshi Lal 
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Exhibit — 

Palarussp. 

Communication— 

Bee-keqping in tbe plains 

joth April, ig40 

Exhibit— 

Tatache ludda Hnfm. 

Communication — 

The Citrus kaf-mmer 


PbjxamI^ 

Psixax 


M, A* OBhxci 
Mohd. Yxjnis 




A NEW SPECIES OF TRICHOSPIEUS [HYM : CHAL- 
CIDOIDEA) FROM SOUTH INDIA. 

By M. C. Cherian and V. Margabandhu, 

Agricultural Research Institute, Coimbatore. 

The genus Trichospilus was erected by Ferriere* in 1930 with T. pupivora 
as the type-species. Since then no other secies has been described. Recently 
the authors came across another species which is described below. 

Trichospilus diatraeae, sp. n. 

Female. —Length about 1.864 General colour yellowish brown. 

Eyes dark heavily inlaid with red pigmentation; two brown streaks extending 
from the posterior end of the eyes to almost near the mouth also with red 
pigmentation. Antennae with scape and pedicel yellowish brown, rest pale, 
club tipped hyaline. Legs yellowish brown except the fore and middle coxae, 
basal hsdves or thereabouts of all femora hyaline, hind coxae yellowish grey 
shaded dark at outer extremities. Wings shad^ grey in the distal half, a 
greyish band across in the middle, shaded lightly at base, and shaded deep in the 
region of the two tufts of spines. Abdomen yellowish grey with a dark brown 
circular patch in the middle towards the base. 

Head.— 

Length 0.500 mm., transverse, broad anteriorly and narrowly rounded 
posteriorly. Eyes large, occupying 0.6 the length of head and 2.4 times as 
long as broad, distance between the two inner margins of eyes 0.282 mm. 
Two lateral ocelli placed farther apart. Antennae 9—jointed as follows: a scape, 
a pedicel, two ring-joints, two-jointed funicle, and a three-jointed club ; scape 
narrow, long, 5.5 times as long as broad and longer than the dub ; pedicel 2.3 
times as long as broad and almost half as long as the dub; ring-joints short and 
transverse; first funicle slightly longer than the second and the two are 
subquadrate; the dub elongated, narrowed at apex and 1.5 times longer than 
the funicle and almost twice as long as the pedicel. 

Thorax.— 

Length 0.755 mm. Thorax with long scattered ' bristles. Pronotum 
narrowing forwards into a neck with dense irregular transverse reticulation; 
mesonotum densely reticulated; parapsidal funows distinct; scutellum slightly 
narrowed and rounded at apex and broadly arched in front of the postscutellum, 
whole of the scutellum finely, densely longitudinally striated, striations complete 
towards the sides and incomplete in the middle; postscutellum broad in the 
middle and broadly rounded behind; prqpodeon with a median carina and two 
lateral spiracles Wings long, broad, 2.6 times as long as broad ; two tufts of 
spines, one below the submarginal vein and the other below the base of the 
marginal vein, the former with six small and the latter with more than 30 long 
spines scattered near each other; marginal vein with 10 long spines and the 


♦Oh. Perriere. Bull. ent. Res., 1930 , 3 Z : 358 - 359 . 
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snbmarginal vein with 5 longer and prominent ones; postmarginal vein not well 
developed and with 2 spines; stigmal vein distinct, with a developed cltib. 
Legs with hind coxae swollen and reticnlated, hind femora slightl^broader than 
the rest; middle tibial spur long. 

Abdomen.— 

Length 0.573 mm. Rounded and broad and slightly broader than thorax. 
Petiolus short. 

Holotype.—One female on slide. (Deposited in the A. C. R* I. collections,) 
Coimbatore. 

Paratypes_Several females in spirits and on slides. 

Host:—Diatraea venosata Walk: internal parasite of pupa Only one 
pupa was obtained parasitised, (Coimbatore, xii 1939, C. K. Subramaniam, coll.) 

The new species has all the characters of the genus It can easily be 
distinguished from T. pupivora, Ferr., the only other known one, chiefly: (i) in 
the coloration and measurements of antennal joints; (ii) sculpture of scutellum ; 
(iii) wing shade and variation in the number of spines constituting the two tufts 
of spines and their mode of disposition on the wings (figs, i and 2); (iv) abdominal 
coloration; and (v) in the general measurements of the constituents of the body. 
The adults in the case of the new species are of a lighter hue and larger build. 



Fig. 1. Forewing of TrichospUus diatraeae, sp. n. ($) 
Pig. 2 . Triekospilm ptqnvora, Peix. ( 9 ) 


ON LARVAE OF CERAMBYCIDAE (COLEOPTERA) 

By J. C. M. Gardneb, 

Forest Research Institute, Dehra Dun^ 

This paper is in continuation of others (see list of references) on larvae of 
Indian Cerambycidae. Subfamily characters are now discussed together with 
an account'of larvae of Prioninae, Aseminae and Lepturinae, 

Subfamily characters. 

The keys given by Craighead (1923) and by Boving and Craighead (1931) 
are based on North American species and examination of Indian material shows 
that some modification is necessary. larvae of American Prioninae (except 
Parandra) have the epistoma projecting over clypeus and the frons carinate or 
dentate; but in the Indian genera Macrotoma and Sarmydus those two parts are 
simple, very much as in Parandra, In Lepturinae the epicranial halves are 
stated to be separated behind frons, but in Leptura rubriola the posterior 
emaigination is quite distant from the frons, the intervening space depressed 
(Gardner 1927, pi. i, fig. 3) also in Necydalis (as Craighead notes) the epicranial 
halves are fus^ for some distance behind the frons. 

Key to StJBFAMITJES. 

1. Mandibles short with gonge-like distal cutting edge which is not angnlately 

produced on lower side. Clypeus narrow, not filling space between dorsal 
mandibular articulations.CERAMBYCINAE. 

—. Mandibles with distal cutting edge oblique. Clypeus wide, filling space between 
mandibles. 2. 

2 . Head oblong. ILtegs absent or vestigial........LAMIINAE. 

Head transverse (slightly longer than wide in Logaeus). Legs distinct. 3 , 

3 . Submentum attached to skin of prothorax, the antero-ventral margin of head 

concealed. (Posterior foramen of head postero-dorsal).DISTENIINAE. 

Skin of submentum not continuous with that of prothorax, the hypostomal 
region of head exposed... 4 . 

4 . Ventral surface of head with a small anterior and a larger posterior foramen 

separated by the tentorial bridge.... PRIONINAE. 

Tentorial bridge not on same plane as ventral surface of head, hence no anterior 
foramen is visible... 5. 

5 . Posterior emargination of head deep, often extending to Irons. Body form sub- 

cylindrical to strongly depressed. With or without caudal armature. 

. LEPTURINAE. 

Posterior emargination of head very shallow. Body subcylindricah with two 
eaudal points....... ASEMINAE. 

Frioninae. 

Larval characters of this Subfamily, with special reference to North 
American species, are discussed iu detail by Craighead (1915,1923); certain Indian 
species have been described by Beeson (1919) and by Gardner (1927,1931). 

Subfamily characters —^Head transverse to slightly longer than wide ; dorsal 
margins of epicranial halves fused behind frons, separating or not near the base 
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{i.e. there may be a small basal emargination); the tentorial cross-arm is on the 
same plane as the ventral surface of the head, hence there is a smaller anterior 
perforation in addition to the large posterior foramen. Mandible with the distal 
edge oblique, with acute apex. Cl3^us as wide at base as epistoma. Abdominal 
ampullae with two transverse impressed lines dorsally and one ventrally. Legs 
distinct. 

The antenor margin of the frons may be carinate or dentate and the epis¬ 
toma may have dentate projections over dypeus; on the other hand these parts 
may be qiaite regular. The antennal ring is often produced into a shield above 
the antenna {Macroioma and Sarmydus are exceptions) and it is usually a rigidly 
sclerotized socket but this may be reduced ventrally as in Sarmydus, The 
antenna with two large basal segments and with or without a third very small 
segment; a membranous basal connecting skin is not considered as a segment. 

The presence or absence of a small third antennal s^ment in the mature 
*larva seems to be of major importance in separating two groups of tribes; 
unfortunately it is not mentioned in some descriptions. But it should be noted 
that where the mature larva lacks the third segment, the latter may be present 
in small larvae of the same species; this is so at least in the case of Macroioma 
crenata. 

Correlation of adult and Larval classification. —Lacordaire's groups Macroto- 
mides (=^Macrotomini) and Remphanides (now referred to as Raphipodini since 
Remfif^n is at most a subgenus of Raphipodus) were put t<^ether by Gahan 
(1906 Fauna of Brit. India i: 29) in the tribe Macrotomini and also by 
Lameere (1912, Mem. Soc. Ent. Beige 21 :180). The larvae of Macroioma and 
Raphipodus show differences which support Lacordaire’s conception rather 
than Gahan’s. 

The genus Acanthephorus is in Lacordaire's group Acanthophoridae (=Ac- 
anthophorini Gahan) which however is treated by L^eere (t. c. p. 182) as a 
tribe of the PrioninL Here again larval evidence is in favour of Lacordaire's 
arrangement. 

Key to genera. 

1. Antenna with 3 segments, the apical one very small. 2 . 

—. Antenna with only 2 segments, with no small apical segment. 4 . 

2 . Frons with smooth, non-caiinate anterior margin; epistoma not produced over 

clypeus. (AnacoHni).SARMYDUS. 

—. Frons with a transverse anterior carina. Epistoma usually produced. 3 . 

8. Head with three distinct ocelli on each side. Labrum about as long as wide, 
cordate ^Oallipogouttnl). MEGOPIS. 

—. Head with one or no ocelli on each side. Labrum more transverse, ovate 
(Prionini).PRIONUS, LOPHOSTERNUS, LOGAEUS. 

4 . Frons even and not carinate anteriorly; epistoma not produced over clvpeus. 

(Macrotomini).MACKOfOMA. 

—. Frons with transverse carina anteriorly; epistoma produced over clypeus at 
lateral angles. 5. 

5 . 3 distinct ocelli on each side (Raphipodini)...RHAPHIPODUS. 

—. No ocelli (Acanthophorini). ACANTHOPHORUS. 

Maerotomini* 

Af. (Zoohlax) plagiaia Waterh.—Beeson, 1919; 103 pi. i f. 1-6 (Larva)— 
Gardn. 1927 :33. 
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Mm (Zooblax) crenata Waterb.—Beeson, 1919 : 106, (larva, pupa). 

Larval exuviae of M. (Z) aeneipennis Waterh. taken with pupae from 
rotten wood, Anaimalai Hills, li^tdras (J, C. M. G.) show structures very similar 
to those of the other two species of Macroioma, 

Rhapiiipodinl. 

Rkaphipodus (Rempkan) hopei Waterh.—Beeson 1919: 108, pL 2, f. 1-6 
(Larva, egg, pupa).-Ujarto. 1927 : 33. 

Larvae of Rkaphipodus sp. from Burma and larval exuviae of Rhaphipodus 
gahani Lmre. from Debra Dun both show great resemblance to R, (Remphan) 
hopei. 

AeanthophwiiiL 
Aeanthophonfii serratieoniis 01. 

Larva. —^Head moderately transverse with a small postero-median emargi- 
nation; frons with sharp anterior carina, epistoma product at lateral angles over 
clypeus (the projections stronger in a small larva than in two full-grown larvae); 
one ridge above antenna and two below it; a distinct tooth near ventral condyle. 
Labrum transversely ovate, rather sparsely pubescent on anterior half. Antenna 
without a small apical segment. Mandible with oblique cutting edge, with a 
distinct tooth at base near dorsal condyle. Ocelli not distinct. Pronotom 
irr^to^^fiy rugulose. Eustemum open anteriorly. Skin smooth and shini n g , 
setae sparse and very short. Body stout. Length about 100 mm.; width of 
head 16 mm. 

Larvae were sent aHve from Gurdaspur, Punjab with the report that they 
were seriously damaging roots of roadside trees of Dalbergia sissoo ; one beetle 
was reared at Ddhra Dun. Some biok^jcal notes on this species are given by 
Beeson and Bhatia (1939 Indian For. Rec. (Ent) 5 :14). 


CallipogoninL 


Megopis Baralipton cingalensis Wh.—Gardn. 1931: 165. 

M. {Dinoprionus) cepJudotes Bates.—Gardn. 1931:164, f. 4. 
M. (Agosoma) tibialis Wh.—Gardn. 1931: 164, f. 1-3. 

M. (Aegosotna) sinica Wh.—Kojima 1931: 264, 5 figs. 
Larvae of known species are separable as follows : 


1 , Epistoma not produced over clypeus at lateral angles. Ampullae and posterior 


zone of pronotum dull (very finely granulate).CINGALENNIS Wh. 

—. Epistoma acutely produced over clypeus at each lateral angle. Ampullae and 
pronotum not finely, granulate.....*2. 

2 . Frontal carina strong, with abrupt median Icuotch...* 3 . 


3. 


Frontal carina moderate, with slight median knotch. (Epistomal teeth strong, 
very wide basally).........CEPHALOTES Bates. 

Epistomal teeth strong, (Head with more blaolc plgmeatati oii a nteriorly) 
*•*..*•.**«•....•••M. ....BTrCKBEyT Gah* 


Epistomal teeth weak. (Head with dark pigmentation reduced)..TIBIAUS Wh. 
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The larva of M. sinica Wh. as described by Kojima, appears to resemble 
M, hwMtyi. 

M. (Aegosopta) buddeyi Gah.—^One larvae and two beetles were extracted 
from dead wood, Almoxa, U.P. (J.C.M.G.).—The frontal carina is more strongly 
raised than in the other species, is slightly sinuate and more prominent on each 
side of the deep median knot^. The head anteriorly has much black scleroti- 
zation. length about 65 mm. In larvae of this genus the frontal suture passes 
very close to the antenna, the antennal ring being therefore extremely narrow 
ventrally. 

The larva previously described as M. cingalensis Wh., was taken in Madras; 
the associated female beetle is covered by Gahan’s description. Since then other 
larvae, with female beetles, were collected in Ceylon. These larvae resemble 
that described as cingalensts in having no epistomal projection and granulate 
protborax and ampullae; but the granules are much stronger. The beetles 
differ somewhat from the specimen I determined as cingalensis but Mr. J. G. 
Arrow tells me that they resemble females associated with that species by 
Gahan in the British Museum. 


PrioninL 

Dorysthenes (Laphosternus) hugdi Redt.—Beeson 1919:15; Gardn. 1927:33. 

Logaeus subopacus Waterh_Beeson 1919: n6. 

Pfionus cofptdenius Bates.—Gardn. 1927: 32. 

Key to Species. 

1. One ocellus on each side of head. Head not emarginate posteriorlv... 

.LOGAEUS SUBOPACUS Waterh. 

. Without ocelli. Head with abrupt posterior emargination........2. 

2 . Frontal carina heavy, obtuse, with very distinct median emargination... 

...PRIONUS CORPULBNTUS Bates. 

. Frontal carina fine, not strongly raised, with at most a weak median emargi* 

.. 

Li^hosUmus socius Gah.—Beetles were reared from Cryptomeria japonica, 
Darjeeling (J.C.M.G.). Two associated larvae are very similar to hugeli, 

Lophosternus hugdi Redt. In the first stage larva, the spiracles are 
biforous, each with two small contiguous lobes that project slightly beyond 
the pentreme; the frontal carina is weak but distinct; the epistoma projects 
ratherirr^larly over clypeus; the ampulla with minute skin-points. Length 
about 6 mm. 


AnaeolinL 

Samydus suhcoHaceus Hope. Larva.—Head distinctly wider posteriorly, 
slightly wider than long; posterior margin not emarginate; black at mandibular 
articulations, the epistomal margin and dorsal part of antennal ring narrowly 
^staneous. Frons not carinate anteriorly; epistoma not produced over clypeus. 
Antennal nng not produced as a shield over antenna, incomplete ventrally. A 
small tooth near ventral articulation of mandible. One distinct ocellus on each 
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side. Antenna three segmented, the apical s^ment very small, a little longer 
than wide. Labrum about twice as wide as long, broadly curved anteriorly, 
the surface with not very dense hairs. Mandible with cutting edge oblique 
acute at apex and rectangular at posterior extremity. Prothorax above ante¬ 
riorly testaceous, posteriorly soft, and rugulose. Eustemum triangular, with 
complete margin. Abdominal ampullae rather protuberant. Anus trilobed. 
Eength of larva about 40 mm. 

Larvae were taken from Quercus incana, Alnt^ nitida and Pieris ovalifolia, 
Almora and Garhwal U.P. (J.C.M.G.); beetles were reared. 

This larva closely resembles that of Japanese species Psephadus remiger 
Harold as described by Kojima (1931); the latter larva, however, has no ocelli. 

Aseminae. 

Larvae, —Head transverse the posterior margin nearly straight, at most 
only very shallowly etnarginate; tentorial cross-arm internal (in consequence 
there is no small anterior snb^vision of the foramen such as is present in 
Prioninae and Cerambycinae), Antennal ring distinctly open to frontal suture. 
Clypeus wide, filling dorsal space between the mandibular condyles. Labrum 
transverse or not. Mandibles with oblique apical edge of which the lower extre¬ 
mity is acute. Eustemum of prothorax distinct, triangular. Legs moderately 
long. Spiracles with two or more small marginal air-chambers. Posterior zone 
of prothorax and the ampullae, with dull surfaces {i.e, microscopically asperate); 
ampullae without tubercles. Ninth abdominal segment with two small caudal 
points. The larvae live in wood of Coniferae. 

Key to genera. 

1. Jjabram stronglv transverse (Posterior margin of hypostoma strongly concave, 

hence gnJar region short. Caudal points more approximate.......... 2 . 

—. Labrum as long as wide, cordate (Hypostomal region only slightly narrowed 
medially. Caudal points well separated)..... CRIOCJBPHALUS. 

2 . Thoracic spiracle about twice as large as that on first abdominal segment 

. TBTROPIUM. 

—. Thoracic spiracle small, not much larger than the first abdominal 
.. NOTHORHINA. 


Crioeephalus. 

Larvae _Labrum cordate, narrowed apically, as long as wide. Hjrpostoma 

only slightly narrowed in gular region where there are two fine narrowly separa¬ 
ted raided lines. Mandible acutdy produced at apex. Maxillary mala narrow. 
Caudal points well separated. Spiracles with three or more contiguous air-tubes 
on posterior margin; thoracic spiracle large, about three-fifths as wide as 
labrum and about twice as wide as that on Ai. 

The larva of Crtocephalus tibetanus Sharp was previously described (Gardner 
1927: 36); the spiracles in this species have several marginal air-tub^ which 
occupy a relatively small part of the margin; on the piothoracic spiracle there 
are about eight small contiguous and inconspicuous chambers ; on the abdominal 
spiracles about twelve, more conspicuous. 

Cfiocephalus unicolor Gah.—^The larva closely resembles C. tibeianus, but 
the mandible is still more acute at the apex, the genal setae are relatively longer, 
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and the marginal air-chambers are fewer, three on each spiracle, in the specimen 
examined ; caudal points fine, acute; also the larva is much smaller; length 
about 14 mm. 

I^arvae from Pinus khasya, Myitkpna, Burma. 

Nothorhina gardneri Plav. 

Larva.—^This species has much in common with Tetfopium oreinum Oah, 
(Gardner 1927 : 35); the labrum is distinctly transverse; the hypostomal region is 
strongly narrow^ at the gula; the mandible is moderately acute at the apex 
(mu<h less so than in Ctiocephalus); the spiracles have two or three marginal 
air-tubes; the caudal points are much more approximate than in Crioceph^us, 
But in ZV. gardneri the thoracic spiracle is relatively small not much larger than 
spiracle Ai and about one-third as wide as labrum whereas in T. oreinum the 
thoracic spiracle is large, about twice as large as the spiracle on Ai and more 
than half a wide as the labrum. Length of larva about i8mm.—Larvae and 
adults from Pinus longifolia, Dehra Dun (J. C. M. G ) 

Lepturinae. 

Head strongly to moderately transverse; the epicranial halves either entire¬ 
ly or only partly separated behind frons; tentorial cross-arm internal {i.e. not in 
same plane as hypostoma and separating a small anterior perforation from the 
foramen). Qypeus filling dorsal space brtween mandibles. Ocelli one, three or 
absent. Antenna small (larger in Necydalis), Mandible with oblique cutting 
edge, apex produced. Eustemum of prothorax distinct, triangular. Legs well 
dev^oped for the family. Spiracles with a number of small contiguous marginal 
air-chambers. Body skin not micro.asperate. Ampullae tuberculate. Body 
form subcylindrical to strongly depress^. Craighead (1923) and Boving and 
Craighead (1931) have used the entire separation of the epicranial halves li^hind 
the frons as a major character to define the subfamily; this requires modification 
for in Leptura rubriola and Teledapus for example, the epicranial halves are fused 
for most of their length, hence leavir^ only a comparatively small (but quite 
distinct) basal emargination of the head. 

The very highly modified larvae of Apiocephalus and of Capnolymma spp. 
have already been described (Gardner 1931: no). Since then the larva referred 
to as ** Capnolymma Larva A ” has been proved to be C. dngalensis Gah. as Dr, 
N. C. Chatteijee has provided a reared b^tle of that species together with asso¬ 
ciated larval exuviae. 


Key to genera or Leptxjrinae. 

1. Bpicranial halves entirely separated behind frons. Larvae very depressed and 

of xinusiial form. Head with marked lateral and anterior un^lations. Three 
ocelli on each side. First eight abdominal segments each with a strong process 
on each side.. 

—. Epicranial halves only partly separated, hence the posterior margin of head 
with an emargination of only moderate depth. Larvae not depressed; bead and 
body normal. Not more than one ocellus on each side. 3 . 

2 . Prothorax with two lateral teeth on each side. Head more bluntly angulate 

laterally...APIOCEPH A LUS. 

—. Profchorax without lateral teeth. Head more sharply angulate 


CAPNOLYMMA. 








On Larvae of Ceramhycidae (Coleoptera), 


109 


3 . Kinth abdominal segment produced into a strong depressed-conical caudal 
process which bears at its apex two pairs of small points, one pair above the 


other.TELEDAFUS. 

—. With no caudal annatore........ 4 . 


4 . Mandible acutely and abruptly produced at apex. Ampullae with well defined 
tubercles arranged in transverse rows. One ocellus on each side of head......... 

.LEPTUKA. 

—. Mandible shorter, the apex not abruptly produced. Ampullae closely covered 
with very small soft tubercles. No ocelli......NEOYDALIS. 

Teledapns doreadioldes Pase. 

Larva.—^Body nearly cylindrical, slightly widened at thorax, taperii^ 
posteriorly to a conical projection. . Head yellowish, the extreme anterior margin 
blackish. Body hairs fine, sparse. Length up to 40 mm. 

Head moderately transverse, widest behind the middle narrower apically; 
epicranial halves fused for some distance behind frons then diverging near he&s 
causing a distinct emargination. There is no differentiation of the gula. There 
is a trace of a weak carina just above epistomal margin, A small fairly distinct 
ocellus on each side. Antennal ring distinct above but not below the antenna 
where the frcmtal suture (which is not clear elsewhere) passes it tangentially. 
Antenna salient, with large basal skin; basal segment elongate, second transverse 
bearing a conical accessory appendage as well as the small third segment. 
Labrum and cl3rpeus both strongly transverse, tormae very short, extending 
caudad from extreme lateral angles of labrum. Mandible with cutting edge 
oblique, concave, acute at apex. Maxillary mala broad Prothorax with dorsal 
saiiicie testaceous anteriorly, soft and weakly wrinkled posteriorly ; eusteraum 
tiiangnlar, completely defined. Dorsal ampullae of first seven abdominal seg¬ 
ments each with two transverse impressed lines and four fairly regular rows of 
rather large smooth tubercles which are usually separate from one another; there 
are a few similar tubercles on metanotum. Two transverse rows of tubercles 
are present ventially on T2, T3, and Ai to Ay. The ninth segment is produced 
into a strong, fleshy, depressed-conical horizontal process above and consider¬ 
ably beyond the anus; this prvx^ss terminates in two pairs of points, one pair 
above the other; the dorsal points more widely separated, the ventral points 
fused basally, the separate apices smaller. Legs with four segments and a basal 
coxal lobe. Spiracles with a series of contiguous air-tubes (about seventeen on 
Ai) occupying the greater part of the posterior margin. There are no asperities 
or skin-points on the body skin. 

Larvae and beetles from decaying trees and stumps of Abies pindrow, 
Cedrus deodara ana 'Picea morinda^ Chakrata U P. (J. C M.G.) 

Se^dafis indieola Gaidiwr. 

Larva.—^Body slightly depressed and widened in thoracic region, abdomen 
nearly cylindrical, slightly widened from A6 to A8 where the epipleura are 
proctuberant; anal segment small, terminal, triloba. Colour white except 
extreme anterior mai;^ of head which is castaneous. I^ength up to about 20 mm. 

Head distinctly wider than long, the sides broadly rounded ; epicranial 
lobes fused foa* a considezable distance behind fton^, then separating, leaving a 
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distiact basal emargmation; the parallel galar sutures are distinct, raised anterior¬ 
ly ; the antennal ring is toe and pigmented dorsally but is broken laterally, 
apparently, due to the frontal suture (not distinctly defined elsewhere) passing 
very close to the antennae ventrally. Ocelli are not distinct. Antenna rather 
large with second segment stoat, moderately elongate; third segment stout, 
^l^lobular; accessory appendage conical. !Labrum about twice as wide as long, 
oval. Blandible oblique distally. the apex subacute and projecting beyond the 
remainder of the cutting edge which is rather feebly angulate at each extremity ; 
a few oblique striae are present internally at the apex. MaxiBary mala broad. 
Prmiotum soft and wrinkled posteriorly, smooth anteriorly but not pigmented ; 
enstemum triangular and distinctly defined. The ampnBae are covered with 
very small, do^y placed and smooth tubercles, irreg^ilarly arranged ; dorsally 
ampullae are found on A i to Ay where only the anterior depressed line is fairly 
distinct and ventrally on T2, T5 and A i to A 7. There is no caudal armature. 

moderately lai^. soft, with four free s^^ments. Spiracles with about six 
contiguous air-tubes, situated on dorsal margin slightly projecting beyond 
peiitreme. The skin is for the most part smooth but patches of microscopic 
skin-points are present in certain areas {e,g. eustemum). 

Larvae, pupae and beetles from dead wood of Quercus incana and Q. semecar^ 
pi folia, Chakrata, U. P. (J. C. M. G } 
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A CONTRIBUTION TO OUR KNOWLEDGE OF INDIAN 
THYSANOPTERA 

By SmmsHER Singh» 

Assistant to the Imperiai Entomologist. 

Imperial Agricultural Research Institute, New Delhi. 

Introduction 

The order Thysanoptera has received serious attention in India only since 
1915, and between this year and 1925 most of the work on Indian Thysanoptera 
was done by foreign specialists* such as Kamy, Priesner* Bagnalt* Hood, Williams 
and Moulton. A number of species* collected from Ceylon by Uzel in 1905, were 
described by Schmutz iu 1913. Since 1925 Ramakrishna Ayyar has extensively 
studied the group and published numerous papers. 

Descriptions of Indian thrips by some of the earlier workers are rather 
inadequate for diagnostic purposes and some are even inaccurate in several 
respects. Very often species described by different authors at about the same 
time, working far away from each other, resulted in the same species being given 
several names, thus causing very great confusion of synonyms. It was tiiere- 
fore considered very desirable that whatever is known already should be pro¬ 
perly systematised ; and the Imperial Entomologist asked the author to under¬ 
take this work as part of his course in Entomology at the Imperial Agricul¬ 
tural Research Institute, New Delhi. 

An attempt has been made by the author to elucidate synonymies and to 
revise the genus Anaphothrips Uzel. Three new species from north 
India are described, for one of which a new genus is proposed, and for each of 
the other two, a new subgenus. Two new genera are also erected to accommodate 
some known species, which are at present misplaced. Notes on some inade¬ 
quately described species and redescriptions of a few incorrectly described ones 
are included. 

This work was carried out in the laboratory of the Imperial Entomologist 
during 1940-41, and is mainly based on a study of the material in the collections 
of the Zoolo^cal Survey of India, Indian Museum, Calcutta and of the Imperial 
Pusa Collection in addition to that collected by the author and his friends in 
different parts of north India. 

The author takes this opportunity of recording his gratitude to Dr. Hem 
Singh Pruthi, Imperial Entomologist, New Delhi for facilities for work and constant 
encouragement, to Dr. Baini Prashad, Director, and Dr. H. A. Hafiz, Ento¬ 
mologist, Zoological Survey of India for placing the Indian Museum collection at 
his disposal and for numerous other courtesies. Sincere thanks are also due to 
Hr. M. S. Mani, Imperial Agricultural Research Institute, New Delhi for many 
useful suggestions in technique of systematics. 
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The present paper deals with the suborder Terebrantia only and includes 
the following :— 

I. Aeolotkfips fasciatus (Linn.) 

2 Neocorynothfips asiaticus Ramakrishna and Margabandhu. 

3. Ramakrishnothfips, gen. nov. 

4. PrtUhiella, gen. nov. 

5. Neolimotkrips btachycephalus, gen. et, sp. nov. 

6. DendrothripieUa (Projectoihripoides) pandai, subgen. eU sp. nov. 

7. Subgenera of Anaphothrips Uzel. 

(a) Hemianaphothrips Priesner. 

(b) Psettdoarticidella, nom. nov. (for Anaphothrips of Karny, nec. Uzel). 

(c) Dantabahulhrips, subgen. nov. 

(d) Chaetanaphothrips Priesner. 

(e) Anaphothrips Uzel, s. str. 

S. Hemianaphothrips palmae Ramakrishna. 

9. Anaphothrips (Dantahahuthrips) sacchari, subgen. et sp. nov. 

10. Anaphothrips flavicinctus Karny. 

II. Anaphothrips hemavarna (Ramakrishna and Margabandhu). 

12. FranklinieUa intonsa (Trybom) 

13. EupJ^sothrips Bagnall 

14. Thrips (Oxyrrhinothrips) behatensis {—rostrata) Ramakrishna and 

Margabandhu. 

15. Fidmekiola saccharicida Ramakrishna and Margabandhu. 

16. Deuterobrachythrips Schmutz. 

17. Gnomonothrips coimbaiorensis Ramakrishna and Margabandhu. 

AEOLOTHRIPOIDEA Hood. 1915 
AEOLOTHRIPIDAE Uzel, 1895 
Aeolothrips fasciatus (Linn.) 

1761. Thrips faseiota, Unne, Fauna Svetica, 266. 

1666. Aeolothrips fasriaia, HALIDAY, Ent Moff. 3 J 461. 

1919. Aeolothrips fidcieollis, B.VGNAMi. A. M, X. H. Ser. (9) 4 s 263 (new synonymy J. 

1928. Aeolothrips fasciatus, Pbiesneb, Vie Thysanopteren Enri^as, 105-108. 

Bagnall distinguishes Aeolothrips fulvicoUis from Ae, fasciata (Linn.) as 
follows:— 
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*‘The pronotum instead of being of the same colour as the head and the body, is much 
lighter, being of a jellow to yellowish brown colour. The fore legs are only present in one 
example, and are much lighter than the inteimediate and hind pairs of legs. The dark and light 
tireas of the foie wing are roughly sub-equal in extent. 

“The head is as long as the prothorax and has the cheeks more strongly arched. In 
Ae. faseiaitis the third antennal joint is longer than the fourth, in this species it is the same 
length (excluding the pedicel) or slightly shorter. ( 16:16 in one specimen and 15 : 17 in two.) 

“The small setae on the longitudinal vein of fore wings are fewer, very minute, being 
0*5 to 0*3 the length of the corresponding setae in Ae, faseiatuSf lighter coloured, and therefore 
more inconspicuous.” 

An examination of about twenty-five male and female specimens from 
North India, showed variation in colour from almost uniform reddish-brown to 
greyish-brown more or less sufiused with yellow especially on the prothorax 
abdomen and legs. In many specimens the fore legs were as dark as the other 
two pairs, in some cases they were lighter and more yellowish as is the case in 
Ae, ftdvicollis Bagn, There were some specimens intermediate in this respect 
between these two dases. 

The relative lengths of the 3rd and the 4th antennal segments bear no 
correlation to the above variation in body color. Their proportions vary within 
wide limits among males and females severally and together. A male and female 
in cop, had the following lengths (in Microns): 


Antennal segment .. 

Ill 

IV 

Male 

95 

: 84 

Female .. 

103 

: 106 


Thus while in this male the srd segment was longer than the 4th, the 
opposite was the case in the female, this proportion was found to vary even in 
the two antennae of the same spedmen. 

From the fact that the material at the disposal of Bagnall at the time he 
erected the species, was rather scanty and in an ill state of preservation, not 
much reliance can be placed on the remaining characters mentioned by him. 
In fact, the dark and light patches of the forewing do not at all differ in extent 
in the so-called two species, nor is the head significantly different. 

Bagnall had hinted in a letter to Priesner^ that his Indian species 
Ae, fuUvicollis was probably identical with a colour variety of Ae, fasciata, which 
was named as collaris by Priesner. The present author, however, is convinced 
that both belong to a single species and hardly merit being separated even as 
different varieties—they so imperceptibly grade into each otlier, and that there¬ 
fore Ae, fulvicoUis Bagnall is only a synonym of Ae. fasciata (Linn.) 

Under the name Ae. ftdvicollis Bagnall, this species has hitherto been 
reported to occur on Verhascum flowers at Cawnpore and Dehra Dun, and, on 
flowers of mango at Pusa. It is here recorded from flowers of sweet-{)eas 
{Lathyrus odorata), khesati {Lathyrus sativus), satson {Brassica campestrh 
var sarson), toria (Brassica campestris var. dichotoma) and sajBBiower {Carthamus 
tinctofius) ; on leaves of sugarcane and wheat; and on flowers and leaves of 
lucerne (Medicago sativa) at Delhi mostly during the cooler part of the year. 
It has been collected on berseem (fTrifolium alexandrinum) at Pusa. Males 


♦ Die ThyBanopieten EtiropuB^ p. 108 , 1928 . 
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were observed to appear only in December and January when fertilised eggs 
are probably laid, which may be more suitable for tiding over the spell of cold. 

THRIPOIDEA Hood 1915 
THRIPIDAE Uzel, 1895 
Chirothripinab Karny, 1921 

Neocorynothriips (Ramk. & Marg.) Shumsher 


1939. XeocoryiutihnpSj Ramakri&hna & Margabandhu, Rec. bid. Mus., 41 (4) : -21,22, 

1940. yeororymthripSj Ramakri'?bna & 3Xargabandhu, Cat. bid. his., 25 : 4. 

Ramakrishna and Margabandhu, in erecting Neocorynothrips, did not 
publish a description of the genus, but only very briefly pointed out its affini¬ 
ties to known genera. Further, an examination of the type specimen of the 
genotype reveals many inaccuracies in this. The genus is therefore, described 
for the first time and the type species is redescribed from the holotype 
specimen. 

Body devoid of net-sculpturing or silky down. Head longer than broad 
at base, where it is widest; distinctly produced into an anteriorly narrowing 
four-tipped process in front of and between the eyes. Antennae distinctly 8- 
segmented, style 2-segmented, distinctly shorter than the 6th antennal segment; 
the 3rd and 4th segments bear forked sense-cones. j^Ionth-cone broadly 
rounded, reaching well beyond the middle of prosternum; maxillary palpi 3- 
segmented. Prothorax with onlv one bristle of moderate length at each hind 
angle. Fore wings with two longitudinal veins. 

The, prominent cephalic process su^ests affinity to Corynoihrips 
Williams* and this probably led the protologists to place it in the subfamily 
Corynothripinae Kamy, 1921. But, the clearly 8-segmented antenna and the 
two longitudinal veins in each forewing unequivocally remove this genus from 
Corynothripinae to Chirothripinae Of the two Chirothripine genera {Chirotkips 
Halid, and Limothrips Halid.) it is very closely allied to the section of Limoth'- 
ftps Haliday having forked trichomes on 3rd and 4th antennal segments, but 
differs from them in having only one seta at each hind angle of prothorax, arid, 
the setae at the end of the abdomen not as strongly developed as in Limothrips, 

Genotype Neocorynathrips asiaticus Ramk. & Marg. 

Neoeoiynothilps asiaticus Ramk. 8c Marg. 

1989. Xeoe^rynofhripsy asiaticus^ Bamakri&hna & Margabandhu, Rec. Ind, Mils., 4 % 
(4): 22,23. 

Holotype female redescribed. 

General colour yellowish-brown masked by deep pink hypodermal coagu¬ 
lations; fuscous in about the last three abdominal segments and in the mid-and 


J. eeon. Biot., 8 (4): 2()7, 208 (1913). 
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hind tibiae. Fore tibiae yellow, margined with blackish-brown. All tarsi and 
antennal segments 3-8 yellow; the 5th and 6th segments near the tip and the 
stylar segments gre'y-infumate. Maxillary palpi very narrowly black-margined. 
Tarsi with an ovoid black patch on the plantar surface. ^ Eyes ^ black with 
madderbrown margins; ocelli with red pigment cups. Fore wings uniformly light 
fuscous; hind wing with a darker stripe running in the middle from the base to 
near the apex. Femora concolorous with the body. 

Head longer than broad at base, produced into a four tipped projection 
between and in front of the eyes; the process about half as long as broad at base. 
On this process, distally, the antennae are placed quite close together so that a 
narrow bifid process of the head projects forward between their bases. A dis¬ 
tinct row of about eight setae runs from near the base of each antenna over the 
frons quite close to the inner margin of the respective eye, diverging from 
each other posterior-wards. Eyes large, projecting, about 0*45 as long^ as the 
head; the space between them dorsally is approximately equal to the diameter 
of each eye. The posterior ocelli just in front of a line drawn through the hind 
margin of the eyes, and the median ocellus across the middle of the eyes; the 
three ocelli almost equidistant from one another. Cheeks crenulate with a deep 
constriction behind the eyes, succeeded by an angular protuberance, followed 
again by a wide shallow cavity; on the post-ocular bulging are two short curved 
setae one behind the other; the width across these angular swellings is about the 
same as at the base of the head. Mouth-cone broadly rounded, reaching well 
beyond the middle of prostemum. Maxillary palpi 3-segmented, short, not 
attaining the tip of the mouth-cone; the basal and apical segments sub-equal 
and the middle one the shortest, basal the broadest, 2nd narrower and the apical 
the thinnest, rounded at tip and provided with 3 or 4 minute bristles. Labial 
palpi stumpy, single-segmented, papilliform, widely separated from each other. 
Antennae with the basal two segments barrel-shaped, concolorous with the head 
and provided with dark spines; s^pments 3-5 elongate-fusiform, with a ring of 
long, slender, light brown spines at about their distal third; 6th segment of 
almost even width in the basal two-thirds (the yellowish part), thenceforth 
gradually tapering; inconspicuous, thin hyaline, long spines in the distal half; 
7th broadly united with the 6th behind and 8th in front, gradually tapering 
forward; the 8th tapering almost to a point—^the distal third of the 6th segment 
and the two stylar segments together forming a thin cone. Antennal segments 
3 and 4 provided with forked trichomes; those of the 4th are thin, long and 
symmetrically branched as usual, while those of the 3rd have one arm short and 
curved and the other long and almost straight, like those on the 3rd segment of 
the antennae of LimoSirips angidicornis Jablonowski.* Antennal segments 
5 and 6 bear one simple sense-cone each. 

Prothorax broader than long, narrowed in front, sides arched, anterior 
angles very finely crenulate with a short, forwardly directed spine; each posterior 
angle with only one curved seta of moderate length. 

Pterothorax broad in front, narrowed behind; at its broadest about as wide 
as long, sides rounded, slightly constricted between the meso and meta thorax. 

Legs. The. fore legs short, mid and hind l^s longer. All legs with 
small spines strewn on their surface; the front and mid tibiae bear a moderately 


♦ Vide Priesner: Lie Thysanopteren Europos, p. 146 ( 1928 ). 
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long spine at the tip on the inner side; the hind tibiae with a comb of long 
spines on about the distal two-thirds of the inner margin. 

Wings extend to about the 8th abdominal s^^ent, elongate. The front 
pair with two longitudinal veins; their surface strewn closely with brownish 
microchaetae; costa with i8 setae, upper vein with 3 near the base and 2 near 
the tip, lower vein with 13 setae more or less uniformly spaced between the 
two groups of setae on the upper vein. 

Abdomen elongate about as broad as mesothorax. Segment 9 unusally 
long and tapering; provided with three pairs of lateral long spines and one 
pair of thinner ones; dorsally one pair of thin, short spines. The loth segment 
sharply conical, with a dorsal longitudinal slit. Ovipositor slender, elongate, 
not protruding beyond the tip of the abdomen.; a circlet of six, long setae 
nearly 2/5 from the tip of the loth abdominal segment. 

Measurements of the holotype female : 

Entire length of body 1*283 mm. 




Length 


Breadth 

Head 


0143 

mm. 


0*121 

mm. 

Prothorar 


0-131 

mm. 


O' 186 

mm. 

Pterothorax 


0*261 

mm. 


0-243 

mm. 

Abdomen 


0 

0 

mm. 


0*243 

mm. 

9tb abdominal segment 


0-143 

mm. 




loth abdominal segment 

0*107 

mm. 




Antennal Segements 

III 

IV 

V 

VI 

VII 

VIII 

length [P) 

69 

69 

53 

76 

17 

20 

Breadth (/*) 

20 

20 

17 

17 

10 

7 


Bamakrislmothrlps, gen. nov. 

Two species Taeniothrips jonnaphila Ramk^ and T. cardamomi Rarak^. 
differ from the rest of the Taeniothrips Amyot & Serving in having a distinct, 
four-tipped process in front of and between the eyes, the antennae being 
inserted near the tip of this process. This character, among others, removes 
these two species from Thripinae Kamy and automatically from the genus 
Taeniothrips to the Chirothiipinae Elamy. As these two species are very 
closely allied to each other, but caimot justifiably be placed in any of the 
known genera of Chirothripinae, a new genus is being proposed for their 
reception. It is named Ramakrishnothrips and characterise as follows;— 

Body without net-sculpture or silky down. Head about as long as broad 
or slightly longer, broadening towards the base; vertex produced in front 
of the eyes into a four-tipped prominence which bears the antennae near its 
tip. Mouth-cone long, broaiBy rounded, reaching beyond the middle of 
prostemum. Antennae about twice as long as head, 8-segmented, style 
2-segmented and shorter than the 6th antennal segment; senise-cones on 3rd and 


(I) Mem, Dept Agr, Bid., ent Set\, ( 7 ) 10 : 256-258 ( 19 * 28 ), 
<,* 2 ) Bidt ef?t Res., 26 ( 3 ): 357-358 ( 1935 ). 
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4tli segments forked. Maxillary palpi 3-segmented. Pronotura about as long 
as head, broadly oval, with two slender, long, hyaline setae at each hind angle, 
other setae small and inconspicuous except those at the tip of abdomen. 
Wings almost unicolorous, slightly paler basad, well-developed and provided 
with long slender setae concolorous with the lamina. 

This gentis differs from Neocotynothrips (Ramk. & Marg.) Shumsher, its 
closest ally, in having two long post-angular prothoracic setae instead of one of 
moderate length. 

The author has great pleasure in naming this new genus after Dr. T. V. 
Ramakrishna Ayyar, the pioneer Indian Thysanopterist. 

Genotype Ramakrishnothtips [^Taeniothrips) jonnaphila (Ramk.) 

Ramakrlshnothrips Jonnaphila (Ramk.) 

3928 . Taeniothrips jonnaphila^ Ramakrislma, Mem Dep. Ag)\ Ind., Ent. Ser. ( 7 ), xo : 

256 - 268 . 

The following is a supplement to the original description of the species 
The cephalic process in front of and between the eyes is l /6 as long as the entire 
length of head. Behind each eye are 3-5 setae of almost equal length. Sides of 
pronotum almost parallel, very lightly arched, hind margin alone strongly arched. 
The inner postero-angular prothoracic setae about 1/3 longer than the outer. 
Pterothorax about as long as broad. Costa of fore wing with 24-28 setae, upper 
vein with (3+7)+ 2, lower vein with 13-14. 

Hitherto known to occur on maize, fowar (Andropogon sorghum) and 
sugarcane; now recorded on flowers of sarson and leaf-sheaths of grass at Delhi. 

Prnthiella, gen. nov. 

Haliday*s description of Limothrips (1836) makes no mention of the nature 
of sense-cones on the 3rd and 4th antennal segments, and subsequent descriptions 
are also silent about it. The typical species, Limothrips cerealium Halid, and L, 
denticornis Halid , however, possess simple sense-cones. Therefore simple sense- 
cones on the 3rd and 4th antennal segments should be considered as a character 
ot ^Limothrips Haliday. 

Inclusion of species with simple and those with forked sense-cones in one 
genus, whatever else their resemblances, would warrant the amalgamation even 
of well established genera like Bregmatothrips Hood and Taeniothrips Am. & 
Serv. The structure of the sense-cones on these two antennal segments merits 
generic value. 

Limothrips angulicomis Jablonowski {1895), £. schmutzi Priesner (1919) 
and probably also L, consimilis Priesner (1928)^ which have forked trichomes on 
the 3rd and 4th antennal segments are, therefore, placed under a new genus, for 
which I propose the name PruthieUa in honom: of Dr. Hem Singh Pruthi, 
Imperial Entomologist to the Government of India. 


(1) For descriptions of the three species see Priesner: 
146 ; 149 , 150 . ( 1928 ). 
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Head almost as broad as long or somewhat longer, somewhat narrowed in 
front, anteriorly produced between the eyes though very slightly. Antennae 
8-segmented, borne on the cephalic projection, sense-cones on the 3rd and 4th 
segments forked, one of the branches curved and the other straight. Ma^sillary 
palpi 2-segmented. Prothorax somewhat shorter than head; a single long seta 
at each prothoracic hind angle Setae on gth abdominal segment very long and 
stout. Males wingless and without ocelli Wing spines in females small and 
few. I^egs unarmed, powerful, particularly the front pair. 

This genus differs from Limothrips Haliday in having paired sense cones on 
the 3rd and 4th antennal segments, in its head being produced in front of the 
eyes only a little as compart to the latter genus, and the eyes much less pro¬ 
truding. From Oxythrips Uzel, s.str., it is distinguished by having 2-segmented 
maxillary palpi; and from Neocorynothrips (Ramk. & Marga.) Shumsher in this 
respect and in having a shorter head process, though the shape of the forked 
sense-cones in PruthieUa resembles very closely that of the type species of 
Neocorynothrips, 

Genotype Pruthiella (=:Liinothtips) angtdicornis (Jablonowski). 

Neolimothrips, gen. nov. 

Body elongate, slender, with neither net-sculpture nor silky down. Head 
about as long as broad or longer, of tmiform width behind the eyes, produced 
into a four-tipped process in front of and between the eyes, antennae borne nearly 
at the tip of this process. Ocelli and wings present in females, absent in males. 
Antennae short, 8-segmented, with simple sense-cones; style shorter than the 6th 
antennal segment. Mouth-cone narrow, long, almost reaching hind margin of 
prosternum; maxillary palpi long, slender, 2-segmented. Prothorax a little 
longer than the head, somewhat broadened behind, hind angles provided with 
two long slender setae each, I/Cgs normal, unarmed. Front wings (of females) 
with two longitudinal veins. Tip of abdomen in female conical with 
long setae. 

This genus very closely resembles Limothrips Haliday, but differs from it 
in having two post-angular prothoracic setae instead of one, in having the 
head shorter than the prothorax and in the female having a conical rather than 
tubular tip of abdomen. From Bregmatothrips Hood it differs in the maxillary 
palpi being 2-segmented instead of 3-segmented, and in having the four-tipped 
antenniferous cephalic process. 

Genotj’pe Neolimothrips brachycephalus, sp. nov. 

Neolimothrips hrachycephalns, sp. nov. 

General body color yellowish-brown, head and abdomen darker. 
Legs light yellow ^ with the outer margin of all femora broadly dark, the outer 
margin of fore tibiae narrowly margined, black; outer and inner margins of 
mid-and hind tibiae dark in their basal halves, a dark oval patch on ventral 
surface of the 2nd tarsal segments. All body setae hyaline yellow. Wings pale 
yellow. Ocelli orange-yellow with irregularly shaped maroon “cups'*. Eyes 
black. The basal two and distal three antennal segments concolorous with head, 
the rest light yellow. 
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Head about as long as broad, projecting {about 1/5 its length) in front of 
the eyes. Dorsal interocular space about 16 times the width across an eye. 
Hind ocelli larger than the front ocellus, all three equidistant. The hind ocelli 
lying across near the middle of the length of the head, and ver> close to the 
inner margin of the eyes, the front ocellus about a third of the head-length 
from the front margin of the head. Byes nearly as long as the cheeks behind, 
reniform, neither projecting nor prominent. Interocellar setae thin and long, 
one in front of each hind ocellus. A pair of setae near the base of antennae, 
another pair near the anterior margin of eyes A pair of thin long setae as 
much behind the hind ocelli as the interocellars are in front; three smaller setae 
in a curve behind the eye, parallel to its hind margin, one very small spine post¬ 
ocular. Cheeks parallel, finely crenulate, glabrous. Occiput very finely cross- 
striate. Ventrally, there are two small bristles near the base of antennae, and 
one near the front margin of each eye; one internal to the middle of inner 
margin of each eye, three near the hind margin of the frons and a few very 
small ones strewn here and there. Mouth-cone long, narrow, nearly reaching 
the hind margin of prostemum, Nconstricted in the middle, where a pair of 
slender, 2-segmented maxillary palpi arise. First palpal segment shorter, the 
2nd at base about as broad as the ist, gradually tapering to the tip. Antennae 
short, slender, 8 segmented with simple sense-cones, ist segment short, broad, 
cylindrical; 2nd barrel-shaped ; 3rd elongate, cup-shaped with a basal style; 4th 
and 5th oval; 6th elongate oval, tapering distally; stylar segments thin, tapering 
towards the tip. 

Prothorax trapezoidal, with hind margin slightly convex, in front about 
as broad as head, slightly widening towards base, broader than long ; one very 
short forwardly curved seta at each front angle; two long .slender setae at each 
hind angle, one tiny ^inter-post-angular and three post-marginals, of which the 
inner-most is longest, on each side; the lateral margin and dorsal surface with 
a few small, scattered setae 

Pterothorax resembling that of Ramakrishnothrips jonnaphila (Ramk.). 

Legs well developed, the front and hind pairs slightly longer than the 
middle pair ; a few long, slender setae irregularly strewn on surface. Hind pair 
of tibiae with a regular row of about four long setae on the inner margin in 
the distal third and two thicker spines at tip. 

Wings well developed, with tw’o longitudinal veins in each fore wing. 
Fringes well developed. Costa with 22 long spines, upper vein with 4 near the 
base and 2 near the tip, low^er vein with 8 spines in a continuous row. 

Abdomen broadening towards the middle, where it is about as broad as 
pterothorax and tapering to the tip. Ovipositor well developed, reddish-brown. 
The 8th abdominal segment without a fringe. Bong, slender setae intermixed 
with smaller, slenderer ones on 9th and loth segments. 

Meastirements of holoiype female :— 

Total body length nearly 1*2 mm. 

Length 

Head .. .. ., 0'I36 mm 

Interocular dorsal space 


Breadth 
0*136 mm. 

0*064 
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I/ength 

Breadth 

Cephalic projection 

.. 


.. 

0 028 mm. 


Prothorax 

*. 


.. 

0*140 mm. 

0.188 mm. 

Pterothorax 

.. 


• • 

0*260 mm. 

0 240 mm. 

Wing (without fringes) 


-• 

0*780 mm. 


Antennal segments 

I 

II 

III 

IV V VI 

VII VIII 

Bength in M 

12 

32 

3S 

28 32 48 

12 12 

Breadth in P- 

28 

25 

17 

16 18 18 

6 4 


Mode .—Similar to female, but apterous and without ocelli. Head and 
apical half of abdomen dark brown, rest of the body pale yellowish-brown. 
Head longer than wide. Tip of abdomen roundly conical; penis pyriform, brown 
No specially stout, short setae on gth and/or lotb abdominal segments. 

Measurements :— 

Total body length nearly i*omm. 



Length 

Breadth 

Head 

•. 0*124 mm. 

o*ii6 mm. 

Interocular dorsal space 

• • 

0*052 mm. 

Cephalic projection •. 

.. 0*024 mm. 


Prothorax 

.. OT28 mm. 

0*160 mm. 

Pterothorax 

., 0*190 mm. 

0*192 mm. 


Described from one female and two damaged males collected from ears of 
hajra {Pennisetum typhoideum) in Ambala Cantonment on 6-X-1940 (S. No. 42). 

Types in the Imperial Pusa Collection, I. A. R I., New Delhi 

Sbricothripinae Kamy, 1921^ 

Dendrothripiella Bagnall, 1927 
Subgenus Pro]eetothripoides, nov. 

Body without net-sculpture, silky hair or long setae; broad and flat. Head 
short, very broad; hollowed in front between the eyes. Ocelli close to each 
other just behind the depression, widely separated from the eyes. Bach eye 
about a quarter as broad as the head. Antennae 7-segmented, style i-segmen- 
ted, much shorter than the 6th s^ment, forked sense-cones on 3rd and 4th 
se^ents nearly at their tips, the style and the two preceding segments broadly 
united to form an elongate compact cone. Mouthcone reaching beyond the 
middle of prostemum; maxillary palpi 3-segmented. Pronotum more than twice 
as long as head, transverse, ovate; 2 short setae at each hind angle and one 
very short seta at each front angle. Wings well developed, front pair with two 


( 1 ) Karny has characterised this subfamily as “having the body extremely broad 
and thick-se^ when not so the fore wing has only one longitudinal vein”. There is no 
connecting link between the two alternative characters given. The present author intends 
dealing wiih the classification of Thysanoptera in a separate paper, where he will try to 
elucidate anomalies of this nature. For the present he follows Kamy’s classification 
Treuhia, I. (4) (1921) as modified by Priesner in iHe Thysanopieren Mtropas (1928). 
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longitudinal veins, the upper vein with an interrupted row of setae- Abdominal 
tergites 7 and 8 with a complete comb of close and fine fringes on tbeir hind 
border, tergites 1-6 with the fringe wanting only in the middle third of each 
segment. 

This subgenus differs from Bagnairs DendrothripieUa, s. str. in that the 
hind borders of its abdominal tergites 1-8 bear a more or less complete ciliary 
fringe. In this respect it agrees with Projectothrips Moulton, but differs from it 
in having 7-segmented antennae, without the peculiar dorsal lobes on the 2nd 
antennal segments. The possession of the ciliary fringes alone does not warrant 
erection of a new genus; in view of the many similarities, therefore it is best kept 
as a subgenus of Dendrothripiella Bagnall. 

Type of subgenus DendroihripieUa (Projectoihripoides) pandat, sp. nov. 

Only females have yet been found. Finding of males may probably shed 
more light on the systematic postion and status of this subgenus. 

Dendrothripiella (Projectothripoides) pandai» sp. nov. 

Female. —General color pale yellow. Ocelli orange with red pigment cups. 
Eyes dark maroon in reflected light, black by transmitted light. Antennae very 
pale yellow, except the distal 2/3 of the 6th and entire 7th segments which are 
grey. The tip of the mouth-cone and the ventral surface of the 2nd tarsal seg¬ 
ments blackish-brown. Margins between the abdominal segments 3-7 narrowly 
brown. Ovipositor brownish-yellow. 

Head much broader than long, fore margin almost straight, with a small 
sharp median depression. Cheeks roundly converging behind. Eyes projecting, 
though small, reniform, each longer than cheeks and about a quarter as wide 
as head. Occiput finely cross-striate. Ocelli close to one another in an 
obtuse-angled triangle, front ocellus as far removed from the front margin 
of head as the hind ones arePfrom the inner margins of eyes. Head, in 
front of the ocelli and between the eyes, depress^. Eyes sparsely pilose. 
Base of the mouth-cone much broader than its length, yet the mouth-cone 
almost reaches the hind margin of prosternum. Ma:^lary j^lpi 3-segmented, 
the middle segment the shortest. Antenna y-segmented, arising from pits in 
front of the head, separated from each other at base by a slightly shorter dis¬ 
tance than the width of the basal antennal segments. A little mesad to the 
base of antennae the front of the head bears a pair of stumpy papillae. (The 
antennae in both the type specimens are probably slightly telescoped.) The ist 
antennal segment of the shape of a deep finger-bowl, sunk in the frontal cavity; 
2nd cup-shaped, rounded distad; 3rd similar in shape but provided with a thin 
basal style; 4th of the shape of an abbreviated vase; 5th elongate-cup-shaped, 
broadly united to *the 6th which is of the shape of a round-bottomed bottle; the 
7th broadly united with the ‘*neck of the bottle", tapering distad. The 3rd 
and 4th segments with short, stout, forked sense-cones near their tips. 

Pronotum ovoid, transverse, with one tiny forwardly directed spine at each 
front ;angle and two short postero-exteriorly directed setae at each hind angle. 
Surface finely cross-striated and irregularly strewn with microchaetae. 

Pterotkorax about as long as broad, squarish, sides slightly constricted in 
the middle. 

Legs normal, sub-equal in length and thickness. 
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Wings very light yellowish-grey, with a greyish fringe. Front margin 
arched at tip to meet the almost straight hind margin. Costa with 28-30 spines, 
upper vein with and lower vein with a widely spaced spines. 

All wing-spines short, only about half as long as the width of the wing. 
Posterior fringe much more developed than that on the front margin, which 
(latter) starts from basal third or so. 

Abdomen about as broad as the pterothorax, spindle-shaped but flattened. 
Hind borders of abdominal tergites 1-8 provided with a close fringe of fine cilia, 
that on segments 7 and 8 complete, on the remaining segments missing in the 
middle third or so. Terminal abdominal setae slender and small. 

Measurements : 

Total length of body 0.7 mm. 





Length 


Breadth 

Head 



0.068 mm. 


0.136 mm. 

Interocular dorsal space 





0.060 mm. 

Eyes 



0 040 mm. 


0.036 mm. 

Antenna 



0.180 mm. 



Pronotum 



0.156 mm. 


0.172 mm. 

Pterothorax 



0.190 mm. 


0 200 mm. 

Abdomen 





0.210 mm. 

Antennal segments 

II 

III 

IV V 

VI 

VII 

Length in M 

3-5 

32 

00 

CO 

to 

36 

30 

Breadth in M 

24 

20 

18 16 

14 

6 


Described from two females taken on leaves of Ficus religiosa at Cuttack 
(Orissa), on ii. vi. 1941 (S. No. 115). 

Named after its discoverer, Mr A. R. Panda, a fellow student at the 
Imperial Agricultural Research Institute, New Delhi. 

Types in the Imperial Pusa Collection, I. A. R. L, New Delhi. 

The dark margins between the abdominal segments 3-7 and the general 
coloration lends resemblance to Anaphothrips oligochaetus Karny, but the 7- 
segmented antennae and the peculiar Pro]ectothrips-‘^k& ciliary fringe of abdominal 
segments 1-8 distinguish this species from A. oligochaetus and from all others 
known to the author. 


Anaphothrips Uzel 

1896. AnaphothripSy XJznL, MoiUKjr. Ord. TJfpbaUj p. 112. 

1913. NeophysopuSy Schmutz. SH\br. AkatL triss. Wien,^izz: 1016. (new synonym) 
19U. Ktdhrips^ Karny. Zeif. ?nss. ImekfenbioL 10 : Ooo, 

1921. Anaphothrips, Karny, Treuhia i: 242. 

1928. Anaphothrips, Peiesnbe, Die Thysan. EuropaSj p. 181. 

This genus was erected by Uzel with Anaphothrips ferrugima Uzel, possess¬ 
ing dearly 8-segmented antennae and having no noticeable setae at hind angles 



Knowledge of Indian Thysanopiera 


123 


of pronotum, as type species, Karny {1921) and Priesner (1928), in dividing the 
genus into subgenera have given the name subgenus Anaphothrips, s. str. to the 
group comprising A. obscurus (Muller) 1776, A. hadius Williams 1913, and 
A. secMcornis (Trybom) 1896, all three of which possess apparently 9-segtnented 
antennae due to a false partition of the 6th segment. They have placed under 
the subgenus Neophysopus Schm. the type species and most of the other species 
which Uzel described as Anaphothrips in his monograph. 

In accordance with Article 9 of the International Rules of Zoological 
Nomenclature, “If a genus is divided into subgenera, the name of the typical 
subgenus must be the same as the genus*', i.e , the genotype, and so far as possi¬ 
ble the bulk of species belonging to the genus must be included in the subgenus 
which bears the name of the genus. Therefore, the species at present under the 
subgenus Neophysopus Schmutz, must be placed under Anaphothrips, s. str. and 
Neophysopus be sunk as a synonym. For the subgenus containing A, ohscutus, 
secticornis and hadius, now left without a name due to Anaphothrips becoming 
the type subgenus, the author herewith proposes the name Pseudoarticulella in 
conformity with the fact that it possesses apparently 9-segmented antennae due 
to the oblique, false partition of the 6th segment. 

According to the lyaw of Priority, the type of the newly named subgenus 
is Anaphothrips {Pseudoarticulella) obscurus {Mfiller)\ by present designation.) 

In 1925 Priesner^ erected the subgenus Hemianaphothrips, with A, (H.) 
articulosus Pr. as type species, having distinctly 9-segmented antennae. But for 
the border-line cases like Pseudoarticulella Shumsher with apparently q-segmen- 
ted antennae, it would have been difficult to include the subgenus Hemianapho- 
thfips in Anaphothrips Uzel, predominantly composed of species with 8-segmented 
antennae. 

The subgenus Chdetanaphothrips, erected by Priesner probably in 1928 is 
characterised by him as having 8-segmented antennae, well develoj^, banded 
wings and long setae at hind angles of prothorax. Euthrips orchidii Moulton 
(1907) is the type species. This subgenus has interesting resemblances to the 
genus Taeniothrips Am. & Serv. 

Dantabahuthrips, subgen. nov. with a tooth on the inside near the tip of 
the fore tibiae and another but blunt one near the base of the fore femora, due 
to numerous similarities would come under the genus Anaphothrips Uzel. 

Key to the Subgenera of ANAPHOTHRIPS XJzd. 

l. Antenna distinctly ^-segmented style 8-segniented. Bemiayiaphoihrips Priesner. 

Antenna apparently 9-seginentod dne to false partitioning of the 6th segment..,.... 

..... . PseudoarticulellaS^ivmsh^T, nom. nov. 


Antenna clearly 8-segmented.. 

(1) Fall synonymy of this species will be found in Priesner, Pie Tlujsanopteren Europas, 

pp. 183-185 (1928). 

(2) Priesner, Zeit. ost. ent TV. 10, vide Priesner, Die Taysampteren Europas^ p. 709 

(1928). 
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2. Pore-tibiae with a tooth at the tip on the inside* more developed in the male, less in 

the female... t..,Dantabakutkrips Shnmsher. snbgen. nov 

Fore tibiae unarmed . 3 

3. Prothoracic hind angles with well developed setae .. Cka^tanapkotkrips PrieBuei. 

Prothoracichindangleswithout noticeable setae. Anaphothi’ips^ Vxels.stx. 

Anaphothrips (Hemianaphothrips) palmae Ramk. 

1934. EemianaphotkripSi palmae^ Kamakrishna, Rec. Ind. Mus. 36 , (4): 491, 492. 

The following is a supplement to the original description of this species: 

Cheeks with a tiny postocular spine and a few other minute ones a little 
behind, arising in between the crenations. Maxillary palpi 3-segmented; basal 
joint the broadest and longest, the other two segments subequal in length, the 
last the narrower, rounded at tip and provided with 3 or 4 setae; the basal 
segment slightly narrower towards the base. I^abial palpi a little longer than 
the 3rd maxillary palpal segment, but thinner. 

Wing chaetotaxy : Costa with about 40 setae, upper vein with ( 54 -5) +1 
-f i+i or (4+4)-}-14-1+1, and lower vein with 12 setae. 


Antennal segments 

II 

III 

IV 

V 

VI 

VII 

I/ength in 

36 

57 

52 

52 

57 

12 

Breadth in 

25 

20 

20 

18 

18 

10 


VIII 

12 


IX 

21 


The 3rd segment is erroneously described as 70 long in the original des¬ 
cription. 

This species very closely resembles Hemianaphothrips articulosus Pr. forma 
macroptera^ but is slightly larger (1*36mm.: 108mm.); articulosus Pr. has only 
8 or 9 setae on the lower vein, and the wings in articulosus Pr. are grey through¬ 
out, while in palmae Ramk. there is a light basal patch. 

Dantahahuthrips^ subgen. nov. 

Body devoid of net-sculpture, silky hair and conspicuous, long setae. 
Cheeks parallel sided. Antennae 8-segmented, style 2-segmented, shorter than 
the 6th segment. Antennal segments 3 and 4 with forked sense-cones. Maxil¬ 
lary palpi 3-segmeuted. Fore wing with two longitudinal veins sparsely beset 
with moderately long, slender, inconspicuous setae. Fore legs strongly thicken¬ 
ed ; fore tibia armed with a tooth at tip on the inside—less developed in female, 
well developed in male; fore femora armed with a blunt tooth internally basad; 
fore tarsi unarmed. 

Resembles Odontoihrips Am. & Serv. in having the fore tibiae armed dis- 
tally, and in many other respects, but differs in having the fore tarsi unarmed. 


( 1 ) Priesuer, Die Thysanopteren Europas, p. 709 (1928). 

( 2 ) From Sanskrit Danta^tooth and Bahu=Bxm, 
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the setae on the body inconspicuous, weak and short, and in the wing-veins 
being spa^ly provided with setae. Its relation to the other subgenera of 
Anapholhfips Uzel, s. lat. has already been dealt with on pages 123-124. 

Type of subgenus Anaphothrips-{Daniabahuthrips) sacckati, sp. nov. 

Anaphothrips (Dantabahuthrips) saccharic sp. nov. 

Macropterous female ,—General color pale yellowish-brown, thorax slightly 
darker; antennal segments 1-5 and basal quarter of 6 concoloious with head, the 
remaining antenna fuscous-grey. The tip of mouth-cone and that of the abdo¬ 
men blackish-brown. A dark grey spot imder each 2nd tarsal segment Eyes 
black; o^Ui with red pigment cups. Wings pale yellow, with very faint grey 
infumation. Body surface devoid of any sculpturing or silky down. 



Head broader than long, vertex broadly rounded in front. Cheeks parallel 
Eyes conspicuous, but neither bulging nor pilose; dorsally the space between 
them is about r*5 times the diameter of each. Just behind the eyes is a small 
but sharp constriction, behind which stands a forwardly curved, transparent, 
short post-ocular seta. Ocelli arranged in an equilateral triangle, the hind pair 
separated from the margin of the eyes by their own diameter and removed from 
the base of the head as much as the front ocellus is from the front margin. 
Mouth-cone rounded at tip, nearly reaching the middle of prostemum. Maxillary 
palpi 3-segmented, slender, long; 2nd segment the shortest, the apical and basal 
subequal in length; their width diminishing from base to apex. Antennae 
S-segmented, style 2-segmented. I/ength of antenna nearly equal to the lei^th 
of pterothorax. ist segment cylindrical, short and broad, 2nd cup-shaped with 
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a thick basal stem and truncated at tip, 3rd with a thin basal style gradually 
widening upto about the distal quarter, thence abruptly tapering, 4th and 5th 
segments oval 6th rounded at base, gradually tapering from basal third towards 
the tip, stylar segments narrow, gradually narrowing distally. Segments 3 and 4 
with small, forked sense-cones. 

Prothorax broader and longer than head, almost rectangular, with sides 
weakK arched slightly widened behind. Only one conspicuous seta of moderate 
length at each hind angle and a few tiny post-marginal pronotal setae. A little 
behind each coxal cavity the prosternum bears one, more or less pointed, stump\^ 
tooth: the pair being connected at base by a forwardly arched suture. 

Pterotkorax broader than prothorax, about as long as broad, and of almost 
uniform width, only slighthly narrower behind. 

F.egs : Fore and mid legs spineless. Fore femora incrassate (Text fig. b), 
with a small blunt triangular tooth on the inside at base. Fore tibiae with a 
minute tooth on the inside at tip; fore tarsi unarmed. Fore and mid tibiae 
almost equally thickened; hind legs slender, longer than the front two pairs. 
The hind tibiae with a comb of spines in the distal 2/3 on the inside, the length 
of the spines increasing towards the tip of the tibia. Hind tarsi with similar but 
smaller, two or three spines internally. 

Wings reach the 7th abdominal segment. Fringes long and wavy. Costal 
spines and those on the veins inconspicuous, weak. Hind wing with a brown 
streak which stops short of the tip of the wing. Each fore wing with two 
longitudinal veins; the upper vein with two widely separated bristles in distal 
third, the terminal bristle of lower vein stands between them. (Unfortunately 
the wings are so crumpled as to allow of no satisfactory account of wing chaeto- 
taxy being given.) 

Abdomen elongate, almost uniformly broad upto about the 7th segment, 
about as broad as the pterothorax thence gradually tapering to the tip, the base 
of this cone rounded. Terminal abdominal setae pointed, hj'aline, long and 
slender, those on the 9th segment about as long as the loth segment and 
those on the loth segment slightly shorter. 

Measurements : 


Total body length 1*22 mm. 

Uength Width 


Head 


.. 


.. o'o88 mm. 

0*117 

mm. 

Prothorax .. 




.. 0*143 mm. 

0*165 

mm. 

Pterothorax 


.. 


., 0*220 mm. 

0*220 

mm. 

Antenna 




.. 0*220 mm. 



Antennal segments 

I 

II 

III 

IV V VI 

VII 

Vlli 

Length in ft 

18 

36 

3 h 

36 36 40 

7 

II 

Breadth in ft 

26 

22 

16 

16 16 14 

5 

3 


j lenfrth of antenna may be a little different from tlie sum of the lengths of 

inaividaal seirnients. depending upon whether the segments are telescoped or the inter- 
se^nental membrane is unduly stretched. 
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Mucropterous male. Similar to female, but antenna like the rest of the 
body pale yellowish-brown as also the tip of the abdomen Testes pyriform, 
conspicuously reddish-yellow, lying in the 7th abdominal segment; penis con- 
colorous with the body. 

Fore femora (Text fig. a) arched, such that the inner margin is concave 
in the middle; a blunt tooth at the base of this margin. Fore tibiae narrow at 
base, gradually widening to end of basal third, then bodily curved with convex 
margin outwards, almost uniformly wide in the distal 2/3. A sharp, large, erect 
tooth at tip on the inside. The tooth with a slight constriction near its base on 
the side facing the tarsi. 

Measurements : ^ 

Total body length approximately 1*0 mm. 

I^gth of head .. .. .. 0 081 mm. 

„ „ prothorax .. . - .. 0*143 mni. 

„ „ pterothorax .. .. ... 0*202 mm. 

„ „ antenna .. .. .. 0*202 mm. 


Antennal segments 

I 

II 

III 

IV 

V 

VI 

VII 

vni 

Dength in 

20 

29 

35 

33 

33 

37 

7 

II 

Breadth in M 

27 

23 

16 

16 

16 

15 

5 

3 


Described from one female and one male collected by the author from 
sugarcane leaf-sheaths at Rupar (Punjab) (S. No. 56). 

The female of this species very closely resembles that of Anaphothrips 
ramakrishnae Kamy, but the armed fore femora and tibiae (more conspicuously 
those of the male) are significant. 

Types in the Imperial Pusa Collection, I. A. R. I., New Delhi. 

Anaphothrips flavieinetus (Rarny) 

1912. Euthrips fiavieinctusj Karky, Marctilia, ii . 115. 

1913. Keophysopus medioflacus, Zi'Hwc'sz, r Ahud. U7.v.s. 122 : 1017. 

1919, Eutfirips citrichietus^ Bagkall, A. M. X. II. (9/. 4 : 270. 

1926. Anaphothrips flaridnctus, Karny, Art. Zool.y 17 : 17. 

1928. Atmphothrips (Euihrips) ciirieinetiis^ Kvm^krisuxa. Mem. Ihpf Anr. Ind y 
ent. Ser.j (7) 10 : 269. 

In 1925 Kamy synonynised Neopkysopus mediofiavus Schmutz, with his 
own Anaphothrips (Euthrips) fiavicinctus In 1928 Ramakrishna suggested that 
Anaphothrips (Euthrips) dtricinctus (Bagnall) was probably a synonym of A. 
fiavicinctus (Rarny). In 1940 in collaboration with Margabandhu he however 
maintained . 4 . dtricinctus (Bagn.) is a species distinct from A. fiavicinctus (Ra.), and 
made Neopkysopus mediofiavus Schm. synonymous with the latter.^ Thus there 
is a good deal of confusion with regard to the synonymy of these three species 

(1) It has not been possible to give the breadth of the head, pro and pterothorax 
in the case of the male because the unique allotype is laterally mounted. 

( 2 ) Kaink. & Marga., Cat. Ind. Ins., 25 : 8 (1940.) 


‘’Indian J Knt,. 4 (‘2)'* 
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A comparison of the original descriptions of N, mediofiavus and Eu. flaviC’- 
inctus shows the following apparent differences between them : 

In flavicinctus the mouth-cone reaches the hind margin of the prosternum, 
the 2nd antennal s^ment is much shorter than the 3rd and the wings reach the 
8th abdominal segment, while in medtoflavus the mouth cone reaches only about 
the middle of prosternum, the 2nd antennal segment is as long as the 3rd and 
the wings reach the 6th abdominal segment. 

Among the twenty odd specimens collected in North India on maize, 
sorghum, sugarcane and grasses most of them combine two characters viz,, mouth- 
cone reaching hind margin of prosternum and the 2nd antennal segment being 
as long as the 3rd. The lengths of mouth-cones imperceptibly ranged between 
that characteristic of flavicinctus and medioflavus. In a few specimens with 
distended abdomen, the wings reached to about the 6th abdominal segment, 
while in other specimens, the 8th. 

The present author therefore agrees with Ramakrishna and Margabandhu 
and with Karny in xt\tgdXm%medioflavus Schm. as a synonym of flavicinctus (Ka.) 

Further, according to Bagnall, his Euthrips citridnctus differs from flavic- 
inctus of Karny in having the legs differently colored, antennae shorter and 
head difierently shaped in front. 

The lengths of antennal segments 1-3 of citridnctus have not been given 
by Bagnall, most probably due to their irregular orientation. The lengths of 
segments 4-8 agr^ with those of the corresponding segments of flavidnctus Ka. 
The irregular orientation of the three basal joints in the types of citridnctus 
Bagn. is the most likely reasons for the apparent shortness of the antenna. 
Among the specimens studied by the present author, the color of the legs also 
vary slightly. 

Hence the author considers Euthrips dtridncius Bagnall also to be a 
synonym of Anaphothrips flavidnctus (Karny), 

Hitherto known to occur on leaves of arrow-root and shoots of sorghum 
and Pennisetum typhoideum in South India, and now noted on leaf-sheaths of 
sugarcane, on leaves of Raphanus sativus, wheat and paddy, on leaf-sheaths and 
cobs of maize and on flowers of tobacco and Lawsonia inermis (L. alba ?) in 
North Indian plains. 


Anaphothrips hemavarna (Ramk.) 


1031. Oxythrips ftpmamnw, HAMAKRlSH^A, J BomJwy nut Hist. Hoc , 34 (4) : 1031) 


Uzel {1895} included in his genus Oxythrips species with one or two long 
setae at each hind angle of pronotum, but in 1921 Karny rightly restricted this 
genus to species with only one post-angular prothoracic seta and removed the 
rest, with two post-angular prothoracic setae, to Taeniothrips Am. et Serv. 

Oxythrips hemavarna Ramk, possesses two short, faint, transparent brist¬ 
les at each postero-Iateral prothoracic angle ; it also possesses only short, slender 
setae on the veins of the wings and very small interocellar setae. All these 
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characters place hemavarna Ramk. in the genus Anaphothnps Uzel very close to 
oLigochaetus Karny and ramakrishnae Karny, most probably in the subgenus 
Chaetanaphothrips Priesner* 


THRiPiNAEi Kamy, 1921 
Frankliniella intonsa (Trybom) 

1895. Tknps intonsa, Trybom, JSntom. Tidsk, 14 : 157-194 (?). 

1928. Frankliniella intonsa, Priesneb, Die Thysanopteren Europas, p, 251-256 (Pnll 
references). 

So far only one species of Frankliniella Karny, viz., sulphurea Schmutz 
(1913) was known to occur in India. It is the commonest Indian thrips and is 
almost entirely restricted to the Indian region. Frankliniella intonsa (Trybom) 
is the second species of the genus now found in India. This is a widdy distri¬ 
buted species and is known to occur almost all over Europe and Siberia. 

F. intoma differs from F. sulphurea in that the 2nd stylar se^ent is oniy 
very slightly longer than the basal stylar in the former, while it is distinctly 
longer in the latter species; general body color grey-brown suffused with yellow 
and abdomen dark greyish-brown in the former while the entire body is almost 
uniformly pale yellow in the latter, and in the former (unlike in the latter) the 
eyes are protruding and provided with a thick colorless shell. 

Collected from berseem {Trifolium alexandrinum) plants in Pusa (Bihar), in 
February 1941 by C. K. Samuel. 

Euphysothrips Bagnall 

1926. EuphysothripSj Bagkall, (9) 18: 646. 

1939. Megaphysotiirips^ RAMAKsisBirA & Margabanuhu. Ree. hid. 41 (1); 25. 

new synonym. 

1939. Evpkysotkrips, Ramakhishna & Maegabandhu, Rec. hid. Mm., 41 (1) : 27. 

Bagnairs original description :— 

"Near head widening from behind eyes to base; antennae 

with two-jointed style; mouth-cone long, reaching across the prostemum; 
maxillary palpi 3-segmented, long. Two pairs of long post^cular bristles. *Two 
long bristles at each hind angle of the pronotum, the outer muck longer than the 
inner. Lower vein of forewing without a regular series of setae, but with a few 
scattered ones. Fringe of abdominal segment 8 long.” 

From the description of the type species, Eu. minozzii Bagnall {loc. cit.), 
it is seen that the lower vein has only four long setae and the pronotum has 
posteromarginal and inter-posteroangular setae a little more than half as long 
as the inner postero-angulars. 

The generic description of Megaphysothrips Ramk. & Marg. runs as 
follows:— 

"... .the lower vein with only four but exceedingly long bristles ; there is 
practically only one long postero-angular bristle on prothorax, the second being 


* The italics are BagnalPs. 
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much smaller; hind margin with six pairs of additional bristles. The genus 
is also characterised by the presence of a long incurved post-ocular spine charac¬ 
teristic of Euphysothrips Bagnall.” 

From the description of the type species, Af. suhramanii Kamk. & Marg., it 
is also seen that the 8th abdominal tergite has a strongly developed ciliarj^ 
fringe at its hind border. 

Thus there is no difference between the two genera, except the longer 
mouthcone in Euphysothrips than in Megapkyscihrips, and the longer and 
slightly stouter spines on the lower vein of the fore wing in Mtgaphysothrips, 
These axe not of generic value, and therefore Megaphysotkrips Ramk. & Marga. 
is a synonym of Euphysothrips Bagnall. 

Enphysotluips suhramantt (Ramk. & Marg.) 

1939. Megapkysoihrips aiiftranianiiy Ramakbishka & Maroabandhc, Her Ind, Mtus,. 
41(1): 25. 26. 

A study of the type of this species has necessitated the following ammend- 
ment being made to the original description :— 

Wing chaetotaxy: Costa with 20-23 spines, upper vein with 3-h3-fi-hi + i, 
lower vein with 4 and scale with 5-f-l spines. 

Length of antennal segments 1-8 (in M): 19: 33: 63! 58: 40: 40: 8:16. 

length of segments of maxillary palpi (in M) 18:14: 16. 

Length of outer postangular prothoracic seta 51 M 

ji inner ,, ,, ,, 35 

„ postmarginal prothoracic setae 22 „ 

This species differs from the genotype E minnozii Bagnall in the 
following characters: 

(i) The 5th antennal joint is much smaller than the 6th in minnozii, 

relatively in suhramanii these two segments are equal; 

(ii) The antennal style is 0.4 as long as the 6th segment in ^ntnnozit 

while in suhramanii it is 0.6 as long. 

(iii) Wing chaetotaxy; Costa upper vein lower vein. 

suhramanii 20-23 34*34-1 + 1 + 1 4 

minnozii 17 (2+2or2+3)+4 4 

(iv) jE. suhramanii is slightly a larger species than minnozii. 

Thiips (OxyirMnotiirips) babaremds Ramk. & Marg. 

1939. Oxyrrhinoihnpss beliarensis, Haxakrishba & Maboabanumc. Rt*e. /rut. Mwi,. 4X« 
ri): 29 , 30 . 

1939 Oxyrrhinath'ipH roairala^ Hamakkii^hna & Makgahandhu, /fee*. Ind. Mws.y 4X» 
(1); p. 30. 
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Priesner {1933)^ erected Oxyrrhinothrips as a sttbgenas of Thrips Linn, 
differing from Thrips^ s str. only in having an extremely long and thin mouth- 
cone. In view of the fact that there is no other significant difference it is un¬ 
reasonable to raise it to the status of a genus as has been done by Ramakrishna 
and Margabandhu. 

After a careful study of the two female type specinaens of bekarensis 
{Reg. No, 1053/H8 Z. S. I.) the following is added to the original description of 
the species- 

Hind ocelli placed close to the inner hind border of eyes. A conspi¬ 
cuous postocular seta about a third of the length of the eye behind it. Inter- 
ocellar bristles dark, moderately long, placed in front of hind ocelli. Moderately 
long setae strewn over the pronotum. Hind tibiae with a comb of ^ines on 
the distal half internally. Costal border of fore wi^ with 25 setae. The 
antenna is distinctly 7-segmented but the original description of the species gives 
measurements and colour of 8 !! 1 segments. It is indeed difficult to understand 
wherefrom the 8th segment and the data therefor were obtained by the protologists. 

The size of the antennal segments 3-7, as measured by Hr Hafiz and the 
author, are given below :— 


Antennal segments 

III 

IV 

V 

VI 

VII 

Length in /* 

49 

52 

35 

45 

16 

Breadth in 

16 

16 

15 

16 

7 


As in bekarensis inspite of the feict that in the ty^ the antennae are clearly 
7-s^7nented. description and measurements of 8 segments are again given by 
the protologists for rostrata ! 

Hie size of the antennal s^^ents of the female holotype of rosiraia 
(R^. No. 1054/ Z.S.I.), as meajmred by Dr. Hafiz and the present author, are 

given below:— 


Antennal s^ments 

HI 

IV 

V 

VI 

VII 

Length in /i 

45 

42 

35 

44 

16 

Breadth in 

14 

15 

14 

15 

7 


The author fails to detect any significant difference between Oxyrrhinothrips 
bekarensis and 0 , rostrata either from descriptions or actual type specimens 
and he is therefore of the opinion that rostrata is only a synonym of O. bekarensis. 

Fulm^ola saeeharidda Ramk. & Marg. 

1939. FuemeMola saeeharieida. Rvioxbishkx & Mabgabakdhu. Bee, htd. Mm,^ 41 
(1):23,24. 

In the type series of this species (Reg. No. 1050/H8 Z.S.I.) the wing chae- 
totSLxy is different from that given in the original description. It is as follows : 
Costa with 20-22 setae, upper vein with (3-H3)+3C+i+i and the lower vein 
with II setae. 

DeaterobraeliytliiiiMi Schmutz 

1913. Heliothrips (Deuterobraek^tkrips), Soeocotz. Siixbet', Akad, Wise, Wien^ laa 
p. 997. 


(1) Priesner, Kontwia 12: 312 (1^8). 
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1914. DeHtei'obmchifthrips^ Karny, Zeit. mss. Insektenbiol^ 10: 294,295. 

1940 . Brackythrips, Ramakrishna & Maeoabandhu, {nec. 0 . M. Reuter) Cat. hid. 

Ins., 25 ; 26. 

Ramakrishna & Margabandhu have quite erroneously cited Schmutz as 
having erected Btachythnps while Schmutz actually erected Deuterobrachythrips 
as a subgenus under Heliothrips Haliday, with D. lineaia Schm as type. Schmutz 
characterised the subgenus as follows: Head about one and a half times as broad 
as long. ]Syes and ocelli present. In females the area between the eyes reticula¬ 
ted. Antenna (?). Maxillary palpi 3-segmented. Prothorax much longer than 
the head, in females with only slender hairs at hind angles, in males one seta 
each. tmarmed. Wings present in females, with a light longitudinal 

stripe. Fore wing without stout cilia on front margin between the fringes. 
Small insects about i mm. long. 

Apterous males. Body surface, except only the vertex of females, devoid 
of net sculpture. It is difficult to retain Deuterohrachythrips as a subgenus of 
Heliothrips Haliday, as originally proposed by Schmutz. 

In 1914 Karny suggested^ that Deuterohrachythrips Schmutz was synony¬ 
mous with his own Rhamphothrips^ which he had defined as follows: Head 
distinctly broader than long. Antenna g-segmented, style distinctly shorter 
than the 6th segment. Ocelli distinct. Mouth-cone extraordinarily long and very 
narrow, surpassing the anterior border of mesostemum, much longer than the 
remaining part of the head. Maxillary palpi very long and thin, 3-segmented. 
Prothorax broader and much longer than the head, each of its hind angles with 
2 short setae. Anterior femora extraordinarily incrassate; anterior tibiae and 
tarsi each armed with a tooth. Fore wing with moderately sparse and not very 
stout setae. Body without net-like sculpture and without silky lustre. Abdo¬ 
minal end pointed, not thorny but with stout setae. 

The armed fore tibiae and tarsi, the thickened fore femora and the two 
short setae at each hind angle of prothorax of Rhamphothrips Karny, as against 
the unarmed tibiae and tarsi, slender fore-femora and either slender hair (female) 
or only one seta (male) at hind angles of prothorax, preclude sinking Deutero¬ 
hrachythrips Schmutz as a synonym of Rhamphothrips Karny. In the opinion 
of the present author, it has very close relationshin with Anaphothrips 
{Hemianaphothrips) Pr. 

Gnomonothrips (Ramk. & Marg.) Shumsher 
1939. GnomonoViripb, RAiiiKRipiiw & HARGABA^DHu, Rac. Ind, Mns., 41 ( 1 ): 28, 

The original description of the genus is wholly incorrect. The genus is 
recharacterised below:— 

Body without net-sculpture and silky hair. Slender. Head about as long 
as wide, widening basad; produced into an anterior anteumTerous process between 
the eyes. Antennae 8-segmented; segments 3-6 very broad; ring-joints between 


(1) Kaxny. Zsit. wiss. InsektuibioL, lo: 294.295 (1914;. 

(2) In ZooL Ameiy., ^ p. 297 fl9l2) Karny erected this ^enus under the name 
Rhynekotkrips, but finding this name already occupied by a Tubuliferan genus of Bagnall. 
he renamed it Rkamphothrips in Bull. Jctrd. hot. Buitenxory. 10 : 128 (1913). Type species 
of this genus is R. tenmcornxs Karny (I9l2). 




Knowledge of Indian ThysanopUra 


133 


segments 2/3, 3/4 and 4/5 ; segments 3 and 4 with forked sense-cones; terminal 
style of antenna slightly shorter than the 6th segment. Byes ve:^ slightly 
projecting but not prominent. Mouth-cone broadly rounded, surpassing middle 
of prostemum. Maxillary palpi 2-segmented, short, slender. Ocelli in an equila¬ 
teral triangle situated before the middle of the eyes. Wings developed (female); 
with two longitudinal veins in each fore wing, the upper vein with a discon¬ 
tinuous row of setae. Prothorax with only two long setae at each hind angle. 
Fore femora somewhat incrassate. Legs unarmed. Tip of abdomen conical. 
Male not known. 

The protologists have characterised it as coming very dose to Rkaphido- 

thrips Uzel, but the antennae being different.The present author, however 

sees no points of similarity between the two genera except the attributes common 
to almost all Terebrantia. The antennal style is much longer t han the 6 th 
segment in Rhaphidoihrips but distinctly, though slightly, shorter in Gnomono- 
thrips ; maxillary palpi are 3-segmented in the former but only 2-segmented in 
the latter. In fact, this genus dosely resembles Diarthrothrips Williams^ in 
possessing the antennal ring-joints, 2-segmented maxillary palpi, shape and 
extent of mouth-cone, feeble armature and general shape of the body, the 
presence of long setae only at hind angles' of pronotum and in many other 
respects. The points of difference, which appear significant, are that the ocelli 
are placed before the middle of the eyes in Gnomonothrips but almost at level 
with the hind margin of the eyes in Diarthrothrips, and the antennae in the 
former are short and thickset as compared with those of the latter. The anterior 
process of the head suggests close aflSnity of both these genera with Mhertoihrips 
Shumsher, from which however both liese genera differ in having two setae at 
each pro'^oradc hind angle instead of one, and in not having extraordinarily 
strong setae at the tip of the abdomen. 

Genotype G. cotmhaiorensis Ramk. & Marg. 

Onomonothrips eoimbatorensis, (Ramk. & Marg.) Shumsher 

1939. Gnomonothrips coimbatorensis, Ramakbibhka & Margabakdhu. Ree, Ind. Mm,, 
41 U) : 28, 29. 

Finding the original description of the species wholly inadequate and in 
some parts incorrect the author has redescribed the female holotype hereunder 
(Reg. Nfi. 1052/H8, Z. S. I.) 

General body color grey-brown suffused with yellow, with reddish 
hypodermal pigment shirdr^ through in the thorax. Eyes black in transmitted 
light, reddish-maroon in reflected light. Ocelli orange-yellow with brownish-red 
pigment cups. Fore femora towards the outer margin, and the mid and hind 
femora except basad, dark yellowish-brown; all tarsi, the fore tibiae and distal 
third of hind tibiae light, and the rest if the tibiae dark yellowish brown. All 
setae of the body pale yellowish-brown. Fringes of the wings brown. Wings 
pale brownish-yellow. 

Head about as long as broad at base, where it is widest, gradually 
arched forwards, slightly constricted behind the eyes and produced forwards 
between them into a four-tipped antenniferous process. Eyes oval, about as 


(1) Williams, C.B., Bidl. ent Res., 6 ; 269 (1915). 
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long as ched^, and about 0.3 as wide as the head. Occiput very faintly 
cross-striate. Cheeks devoid of setae, except for one short slender seta a little 
behind the eyes. One seta of similar size at the junction of the cephalic proce^ 
with the front margin of the eyes. Front ocellus in the middle of the cephalic 
process; hind ocelli in front of an imaginary line running across the middle 
of the eyes and removed from the inner margin of the latter by less than their 
(of the ocelli) own width. Interocellar setae between the front ocellus ^d 
each bind one. About five setae of varying lengths arranged in an arch behind 
each eye. Mouth-cone broadly rounded, reaching beyond the middle of the 
prostemum. Maxillary palpi 2-segmented, short, slender; basal segment the 
thicker and shorter. Antennae 8-segmented, basal segments short and * 

2nd cup-shaped; 3rd-6th very broad, oval; yi^h short barrel-shaped and 0 rod¬ 
like. ^ments 3 and 4 with forked, long, stout sense-cones; ring joints between 
s^ments 2/3,3/4 and 4/5. The style only a little shorter than the 6th antennal 
segment 

Ptonotum with front and hind margins almost straight and parallel, sides 
arched, hind angles rounded. The front and hind margins fringed with slender 
setae, of which, two at each hind angle are very much the longer. Slightly 
shorter than the head and about times as broad as long. 

Pterothorax broader than prothorax and a little longer than broad, broader 
in front than behind, constricted in the middle; angles rounded. 

Legs unarmed, the tip of tibiae provided with two thick short spines on 
the inner side, those on the mid i>atr smaller and weaker than those on the hind 
pair, but longer and stronger than those on the front pair. Surface of legs 
sparsely and minutely setose. Fore femora incrassate. 

Wings reach only about the 6th abdominal segment. Fore wing with 
front margin straight, to meet which the hind margin curves forward towards 
the tip. Two longitudinal veins in each fore wing. Costa with a^ut 15 
widely spaced spines, upper vein with 3+3+24-1+1. lower vein with 9 spines. 
The row of the lower vein starts opposite the last seta of the second group of 3 
on the upper vein. A row of 3 tiny setae beneath the central seta of the basal 
group of 3 on the upper vein. 

Abdomen slender, elongate, narrowed at base, almost uniformly broad from 
segments 3-7, thence tapering to a point. The 3rd and 4th stemites with a 
small, roughly circular central depression. Six long setae placed equidistant 
along the hind margin of stemites 1-7. Pleurites without zig-zag posterior 
border. Tergites 1-7 with a complete, though sparse fringe of broad^ cilia on 
hind border. The lengths of postero-lateral setae progressively increasing from 
segment 3-8; the 9th s^ment with very long slender setae, the loth with 
slightly shorter ones. 

Measurements of the female holot3q)e: 

Total length of the body nearly 1.14 mm. 

Head 

Projection of head in front of eyes 

Eyes 

Dorsal interocukr space 


Length Breadth 
0124 mm. 0.122 mm. 
0.025 mm. 

0.050 mm. 


0.050 mm. 
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Length. 


Breadth. 

Prothorax 


0.120 mm. 


0.152 mm. 

Outer postangular seta of prothorax 


0 030 mm. 



Inner „ „ „ 


0.050 mm. 



Pterothorax 


0.200 mm. 


0 210 mm. 

Wing (excluding fringes) 


0 500 mm. 



Abdomen 




0 215 mm. 

Maxillarj’’ palpal segments basal 


8 


5 

„ „ „ apical 


12 „ 


3 

Antennal segments III IV 

V 

VI 

VII 

VIII 

Length in M 32 41 

25 

4 ^ 

12 

22 

Breadth in M 26 24 

18 

20 

8 

7 


The ring-joints have not been included in the above measurements; their 
lengths are given below:— 

Ring-joints 2/3 3/4 4/5 

Length in 864 




ON THE BIOEOGY OF ANARSIA LINEATELLA ZELLER 
IN BALUCHISTAN 

By Nazeer Ahmad Janjua, m.sc. (Hons.), 

Entomologist, Department of Agriculture, Baluchistan, Quetta. 

Introduction 

Anarsia lineatella Zeller (Gelechiidae, I^epidoptera), generally known as the 
peach twig borer in the United States of America, is fairly common in Baluchistan 
and in recent years the extent of damage by its larvae to fruit trees has increased 
so enormously that it has now become a pest of first rate importance. A brief 
account of this insect was given by Janjua and Samuel (1941), but in view of its 
importance, the writer has since made a detailed study of the biology of the 
insect during the last four years and the results are presented in this paper. 

The writer feels indebted to Dr. Khan A. Rahman, Government 
Entomologist, Punjab, for his valuable criticism ; to Mr. A.M. Mustafa, Director 
of Agriculture, Baluchistan, for his able guidance during the progress of work and 
to the Imperial Institute of Entomology, Eondon, for the identification of the 
species. 


Distribution 

The genus Anarsia is widely distributed throughout the world. In India, 
it is represented by about a dozen species, majority of which feed on leguminous 
crops. The larvae of Anarsia epippias Meyrick have been found feeding on 
groundnut, indigo, soybean, etc. and those of Anarsia melanoplecia Meyrick 
boring mango buds and twigs and feeding on mango inflorescence (Fletcher, 1920). 
The larvae of Anarsia sagmatica Meyrick have been observed boring in the flower- 
buds and feeding on the flowers and young leaves of Lorantkus (Fletcher, 1932). 
Anarsia lineatella Zeller occurs in Central and Southern Europe, Asia Minor, 
Iraq, Korth Africa and North America, where it is a well-known pest of peach 
and of various species of Prunus, the larvae boring into the shoots and fruits. In 
India, it was first recorded from Kashmir (Fletcher, 1932), and later on from 
Baluchistan (Janjua and Samuel 1941) where it is common in almost whole of the 
districts of Quetta-Pishin, Zhob and Eoralai. It is also present at Mastung and 
Kalat. 

Feeding Habits 

In Baluchistan, the larvae of A, lineatella have been observed damaging 
peach, nectarine, plum and apricot. The injury caused by the larvae may be 
described tmder the following two heads: (i) Damage caused to buds, tender 
shoots and twigs; and (2) Damage to fruit. 

The partly grown overwintering larvae emerge from their winter hibemacala 
in spring and after crawling about for a couple of days, go to the base of a bud 
or in between the expanding leaves and begin to eat their way down into the 
tips of the twigs. The most usual manner of attack by the larvae, however, 
is to burrow into the new shoots, where they feed on the pith and inner bark, 
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thus killing the shoot. These shoots ultimately dry up and break off. When 
the larva reaches the harder wood, it bores its way out, leaving a circular exit 
hole in the side of the twig. Each larva may attack several shoots in this way 
and thus multiply the injury. By destroying the terminal growth of a shoot, 
serious injury is done, particularly to nursery trees and m young orchards. 
Three or four larvae may devitalize or even completely destroy a young tree by 
repeated attacks on the new growth. 

As regards damage to the fruit, the larva enters the young fruit either 
from the stalk end or from the side. After gaining entrance, it begins to eat 
out the flesh, making a large hole which gets filled with a gummy substance. 
The larva ulti^^iately works its way straight to the pit, and if the latter is not 
already hardened, the larva bores through to the kernel and eats that with 
relish. When the larvae have penetrated to the pit, their presence may be 
detected by small bits of masticated fruit and gum which are thrown out by 
the insects on the surface of the fruit through the hole already made. As a 
result of the attack, the inner portion of the fruit becomes black due to the 
growth of mould and the presence of dark excreta, etc. Further growth of the 
fruits is checked and they become emaciated and very often fall to the ground 
even with moderately strong winds. If, however, the fruit matures, the attack 
leads to the “flitting of stones**. Serious injury is evident only on clingstone 
peaches like wiggins, shahpasand, kojak, lalarukh, etc. Of the apricots, the 
larvae attack only the charmaghz variety while the French varieties, viz., 
inoofe-park, reumberto, luizet, eta are not attacked at all. Nectarines and some 
varieties of plums are very susceptible to the attack. It has been estimated 
that 10-15 per cent of the fruits are spoiled by these larvae. 

Descriphon of various, stages in the wfe-history 

The Egg :—The eggs are laid singly but occasionally they are also seen in 
batches of two or three. They are deposited on newly developing shoots, young 
twigs and fruits and are firmly attached to the surface by a sticky substance. 
The egg is long, oval in shape, pearly wnite, like tiny droplets of water when 
freshly laid and about twice as long as broad. The average ler^h is 0 45 mm. 
and width 0*25 mm. Under the microscope a rather coarse reticulation is seen 
on the surface. The colour of the egg ultimately changes to deep yellow, and to 
almost orange colour when the egg is quite conspicuous. In four or five days 
old egg, the process of the development of the embryo can be seen through the 
thin egg-sheU. A few days before hatching, the mandibles and other mouth 
parts are evident; shortly afterwards, the head and thoracic shield are seen. 
The larva finally emerges by cutting a hole in the chorion with its mandibles. 

The Lanw:—Almost immediately after hatching, the tiny larva moves 
about and nibbles a little of the leaf tissue here and there. Eventually it 
reach^ the new shoot or young fruit in which it starts boring in, gaining in 
size as it feeds A larva may feed in more than one twing before it completes 
its growth. The entrance holes made by the larvae on fruit can be easily 
detected due to *'frass** mixed with gum exuding from these holes. 

The number of instars and the moulting activities of the larvae have been 
studied in detail. Six larval instars have been noted in Baluchistan and the 
description of the various instars is as follows:— 
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First instar :—Length soon after hatching i'02 to i*2 mm. Head 0*2 mm. 
wide. General body colour when newly hatched white. Shape cylindrical, 
gradually tapering posteriorly. Head pale brown; epicranium and frons dark, 
smoky brown with the ocellar areas deep brown, sutures deep and prominent, 
adfrontal sutures indistinct Mouth parts red-brown, antennae and maxillae 
somewhat pale. Thoracic shield dark brown. Tubercles indistinct, unicolou- 
rous udth the body, each bearing a short seta. Thoracic leg, anal plate and 
prolegs concolorous with the body. Each proleg bears 6 or 7 pale brown 
crotchets in uniordinal series. Spiracles indistinct. Body covered with nume¬ 
rous minute hair arising singly. 

Second Length soon after moulting 2*9 to 3*2 mm. Head 0*39 

mm, wide. General body colour yellowish white. Head, epicranium, frons, 
maxillae, antennae and thoracic shield of i:he same colour as in previous instar. 
Tubercles faintly elevated, unicolorous with the body, each bearing a short seta. 
Thoracic legs, anal plate and prolegs concolourous with the body. Each proleg 
bears twelve or thirteen golden-brown crotchets in uniordinal series. Spiracles 
distinct and prominent. 

Third instar .‘—Length soon after moulting 5*1 to 5 6 mm. Head 0*45 mm. 
wide. General body colour pinkish white. Head, epicranium and frons dark 
brown to black. Epicranial sutures somewhat black, adfrontal sutures indis¬ 
tinct. Mouth parts dark-brown. Thoracic shield shining dark brown Tuber¬ 
cles faintly elevated, unicoloiirous with the body, each bearing a short seta. 
Thoracic legs and prolegs yellowish-white; anal plate concolorous with the 
body. Each proleg bears sixteen to e^hteen crotchets in uniordinal series. 
Spiracles small, round and ringed with black. 

Hibernation takes place in this instar. 

Fourth instar .‘—Length soon after moulting 6*9 to 7‘2 mm. Head 0*53 mm. 
wide. General body colour light pinkish. Head of the same colour as in the 
previous instar. Thoracic shield brown. Tubercles more distinct, raised, 
unicolourous with the body, each bearing a short seta. Thoracic legs and pro- 
legs yellowish-white, the former faintly tipped with dark brown. Anal plate 
occasionally a shade darker than the rest of the body, though never really 
darker or prominent, furnished with long hair. Each proleg bears twenty to 
twenty seven crotchets in uniordinal series. Hair short, white and sparse. 
Spiracles raised, darker than general body colour and surrounded by a dark 
ring. 

Fifth instar :—Length soon after moulting 8‘2 to 9*1 mm. Head o*68 mm. 
wide. General body colour pink. Head and thoracic shield of the same coIoxlx 
as in the previous instar, adfrontal sutures being now distinct. Tubercles tipped 
with black, each bearing a moderately long silky hair. Thoracic legs, anal 
plate and prolegs of the same colour as in previous instar. Each prol^ bears 
thirty-one to thirty-five crotchets in an irregular biordinal series. Spiracles 
raised, circular, with dark rim. 

Sixth instar (Full grown larva):—Length 12 to 14 mm. Width of the head 
capsule from 1*05 to 1*15 mm. General body colour reddish-pink on dorsal side 
fading into dull yellow on the second and third segments. Undersurface of dull 
whitish colour, becoming faintly reddish on the hinder segments, with a few 
shining whitish dots. Head rather small, flattened, bflobed, pale brownish-yellow, 
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darker in colour about the mouth and with a dark brown dot on each side. 
Thoracic shield dark brown. Mouth parts brown, lighter than head; antennae 
pale at base, darker at tips. Tubercles faintly elevated, arranged in imperfect 
rows, a single one across the third, fourth and terminal segment, and a double 
row on the remaining segments; each tubercle gives rise to single, very fine, 
yellowish hair, invisible without a magnifying lens. Thoracic legs and prolegs 
yellowish-white, the former faintly tipped with dark brown Each proleg bears 
forty to forty-five crotchets in biordinal series. Anal plate a shade darker than 
the body, furnished with hair. Spiracles prominent, round, with dark rim. 

When the larva is about to pupate, it seeks a secluded spot and spins a 
characteristic silk web over the entrance to the place of concealment and forms 
an extremely flimsy web out of a few threads of whitish silk, which serve only 
to hold the pupa in position rather than to protect it. The abdomen of the pupa 
is attached to this support by a little button of silk. 

The Pupa :—Ivength 6 to 7 mm., width 2*i to 2*5 mm. across the wing 
covers on the third abdominal segment. Shape rather broad at the anterior end, 
the abdomen tapering gradually towards the posterior end and terminating in a 
rounded segment. General body colour dark brown, the abdomen being a shade 
lighter than the body. Wing covers extend up to the anterior ventral margin of 
the 4th abdominal segment where they are conjointly rounded in an arc. 
Spiracles prominent, round, pimple-like, darker in colour than abdomen. On each 
of the abdominal segments there are two transverse rows of spines, a row of 
strong spines on the anterior margin and a row of weaker spines across the middle 
of eadi segment. The last ^ment bears on the dorsal side ten strong spines 
at the tip. The cremaster is absent and the anal segment has eight bristles 
which are incurved at tip. The maxillary palpi are about twice as long as the 
labial palpi and completely enclose the latter. Antennae comparatively long, 
reaching nearly the edge of the wing pad. Abdominal segments pronounced, 
bearing many silkly hair. 

The empty pupal shell remains within the flimsy web when the moth 
emerges. 

The Moth :—The moths are seldom observed, being very small and ex¬ 
tremely quick in their movements and flying with great rapidity when disturbed. 
They fly at dusk only; at other times of the day they hide in crevices or dark 
recesses of the tree. They are dark steel gray* in colour. Clemens {i860) 
describes the adult as follows :— 

‘•Head and face pale gray. Thorax dark gray. Labial palpi dark fn&cons exter¬ 
nally, and pale gray at the end; terminal joint gray, dusted with dark fuscous. 
Antennae grayish, annulated with dark brown. Fore wings gray, dusted with 
blackish-brown, with a few blackish-brown spots along the costa, the largest in the 
middle, and short blackish-brown streaks on the median nervtire, subcostal in the fold, 
and one or two at the tip of the wing; cilia fuscous gray. Hind wings fuscous gray; 
cilia gray tinted with yellowish.” 

Duration of Various Stages and Seasonal-History 

The seasonal histor}'- of Anarsta lineatella varies considerably under different 
climatic conditions. In the United States of America, at certain places, such as 
the Padfic Northwest (Newcomer, 1933), Illinois (Chandler & Flint, 1935) and 
Michigan (Hutson, 1933) there are two broods in a year, while in Oregon State 
(Wilson, 1915) there are one to three broods and in Colorado (List & Newton, 
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1936) there are even four broods. In California, Essig (1915) reports that the 
insect has but one uneven brood in a year, while Duruz {1923) has found three 
broods and sometimes even a fourth. As a result of investigations carried out by 
the writer during the last four years, it has been ascertained that there are three 
generations of the insect in a year in the Quetta Valley. The studies were star¬ 
ted with the first brood eggs deposited during 1937. 

First Generation 

Observations during the four years 1937 to 1940 (Table I) show that ovipo- 
sition commenced between 2nd & 9th May and ended between 6th & 14th 
June. The incubation period varied from 6-ii days with an average of 8-9 
days. Hatching commenced between loth & 15th May and ended between 
15th & 2ist June. The feeding period of larvae ranged between 20 to 35 
days with an average of 29*8 days. At the end of the feeding period the 
larvae seek sheltered places in old pruning wounds, in curls of bark, in rough 
crevices on the main trunk of the tree or in curled leaves and start forming an 
extremely fiimsy web in which it pupates. The prepupation period, which 
begins from the time the larva stops feeding and ends with pupation, varied from 
4 to 9 days with an average of 7*9 days. 

Pupation commenced between i8th and 26lh June and ended between 
15th and 2ist July. The pupal period varied from 9 to 14 days (average 127). 
Emergence of adults began between 30th June and 8th July and ended between 
28th July and 3rd August. The average adult life was 7 8 days. 

Copulation takes place soon after the adults emerge. It lasts from an 
hour to an hour and a quarter, and invariably takes place at night. The pre- 
oviposition period varied from 2 to 5 doys with an average of 3*5 days. The 
average time of egg deposition was 5’8 days, varying from 3 to 8 days. 

The egg laying activities of the moths were observed in detail. Oviposi- 
tion usually occurs either in the morning or just after sunset and as the time 
for oviposition approaches, there are indications of excitement on the part of 
the female. After sometime she becomes quiet when the apex of her abdomen 
touches the surface on which she rests. She slowly lifts the tip of her abdomen 
and lays an egg. This process is repeated again and again until several eggs are 
laid in succession. The average number of eggs deposited by the first brood 
moths was 169-5; ten females depositing 1,695 eggs. The maximum number of 
eggs deposited by a single female was 232. The life cycle of the first generation 
varied from 43 to 69 days with an average of 59*3 days. 

Second Generation 

During the years 1937-40 (Table I), the first eggs of second brood were 
deposited l^tween July 2 and 10 and oviposition continued up to August i to 6. 
The incubation period of the eggs varied from 4 to 8 days with an average of 
67 days. The eggs commenced hatching between July 12 and 19 and continued 
upto August 4 and ii. The feeding period of larvae ranged from iS to 27 
days with an average of 24*4 days. The prepupation period varied fiom 3 to 8 
days with an average of 6*4 days. The first pupation took place between August 
3 and II and the last between September i and 9. The pupal period varied 
from 6 to 10 days with an average of 8*7 days. 
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Daring the four years the first moths of the second brood emerged between 
Augnst 12 and 21 and the last between September 7 and 14. The length of life 
of the adult fed on glucose S3map in laboratory varied from 5 to 8 days, the 
average being 7*1 days during August-September, 1940. 

The pre-oviposition period varied from 2 to 5 days with an average of 3*2 
days. The average time of egg deposition was 5-6 days varying from 3 to 7 
days. The average number of eggs deposited per female of the second brood 
was 143*7, ten females depositing 1,437 e^. The maximum number of eggs 
deposit^ by a single female was 203. The life cycle of the second generation 
varied from 40 to 63 days with an average of 51*4 days. 

TiaiRD GENERAtlON 

During the years 1937-40, the first eg^ of the third generation were depo¬ 
sited between August 15 and 23 but oviposirion ended between September 10 
and 18. The incubation period of the egg varied from 7 to ii days with an 
average of 9*3 days. 

During the 4 years, eggs commenced hatching between August 24 and 
September 3, and finished hatching between Septeml^r 20 and 27. The feeding 
period of the larvae of this brood before going into hibernation ranged from 22 
to 30 days, with an average of 27*5 days. 

On the onset of autumn, the larvae begm to desert the fruit, the twigs or 
the shoots and go into hibematioa. The earliest date on which the larvae were 
found entering hibernation in 1937 was September 29, in 1938 it was October i, 
in 1939 it was September 26 while in 1940 it was September 27. 

The partially grown larvae pass the winter in small silklined burrows or 
hibemacula made just beneath the outer bark. These are usually constructed in 
the crotches of younger branches and are always found on the upper surface. 
Each burrow has a characteristic small reddish brown projecting tube or 
“ chimney " sticking up from the surface of the bark. These chimneys are very 
small, difiicult to be seen without a lense and are composed of tiny pieces of bark 
fastened together with silk. The hibemacula are usually id-12 mm. long and vary 
gr^tly in shape, some being straight, others curved to conform to the ^ce in 
which they are constmcted. They are always found singly, though sometimes 
two or three may be seen near each other. On cutting into one of Shese hibema¬ 
cula, it is found that they extend well beneath the bark into the cambium layer 
and has a silk lining inside which projects well up into the chimney above. This 
silk lining affords protection from the weather. 

Securely enclosed inside these burrows, the larvae pass the winter and with 
the approach of spring, when the buds begin to swell and the development of the 
tender shoots and foliage starts, they become active and work their way out of 
the hibemacula. In 1938, the first larva emerged on March 30 and the last on 
April 26; in 1939 the first larva came out on April 4 and the last on April 28; 
in 1940 emergence started on April 2 and continued up to April 30, while in 1941 
the first larva emerged on Aprfi i and the last on April 24. The length of time 
spent by the larvae in hibernation ranged from 178 to 193 days, with an average 
of 185-2 days. During 1937-38 it was from 178 to 189 days, in 1938-39 from 180 
to 192 days, in 1939-40 from 182 to 193 days, while in 1940-41 it was from 185 
to 190 days. 
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On emerging from their winter quarters the larvae attack the developing 
buds, tender shoots and young twigs, etc. The feeding period of these larvae 
ranged from 17 to 25 days with an average of 21*6 days. 

The prepupal period varied from 5 to 8 days with an average of 6.3 days. 

During the 4 years first pupation took place between April 20 and 27, and 
the last between May 14 and 22. The pupal period varied from 10 to 14 days 
with an average of 13 3 days. 


In 1938, the first moths of the third brood emerg^ between May 3 and 9, 
md the last between June 2 and X2. The length of life of the adult fed on 
glucose syrup in laboratory varied from 6 to 9 days, the average being 8-o days 
luring May-June, 1940. 

The pre-oviposition period varied from 2 to 5 days with an average of 3*8 
days. The average time of egg deposition was 6*1 ^ys varying from 4 to 8 days. 
The average number of eggs deposited per female moth of the third brood was 
i 58'2 ; ten females depositing 1,582 eggs. The maximum number of eggs deposi* 
ted by a single female was 227. 


The life cycle of the third generation varied from 239 to 281 da3rs with an 
average of 263*2 days. 


Parasites 


The larvae of Anarsia lineatella have been found to be heavily parasitized 
by the chalddid, Brachymma intermedia (Nees). 
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I. Introduction 

Who first discovered the swelling of insect eggs after oviposition ? The 
present note is an attempt to answer this question. 

In the paper on some recent advances in insect embryology, with a 
complete bibliography of the subject {1939), the writer had, following Needham 
(1934)1 stated (p. 19) that the phenomenon of the swelling of the eggs of certain 
insects after oviposition was known to Aristotle in the 4th century B.C. It 
would seem, however, as shown below, that while Aristotle certainly knew of 
true insect eg^, there is no positive and clear evidence that he knew of their 
swelling after oviposition. 

The writer had further stated that the phenomenon was rediscovered by 
Rathke (1844) in the eggs of the mole cricket, Gryllotalpa vulgaris (Orthoptera), 
and of some caddis-flies (Trichoptera). Rathke attributed the swelling to the 
absorption of external moisture, without, however, bringing forward any 
evidence in support of that view. During the last hundred years such a swell¬ 
ing has been observed in the eggs of a considerable number of insects belonging 
to the orders Orthoptera, Dermaptera, Hemiptera. Hymenoptera, Coleoptera 
and Diptera {vide Roonwal, 1935). 

Wi^lesworth (1939, p. 2) also ascribed the first discovery of this pheno¬ 
menon to Rathke. 

There are, however, post-Renaissance records which ante-date Rathke's 
observations by nearly a century. These observations are by the renowned 
French naturalist and physicist, Reaumur, who had observed the phenomenon 
in the eggs of some saw-flies in 1740, and in those of some ants in about 1742- 
1743 (wie Wheeler, 1926). Rathke does not refer to Reaumur's observations 
of which he was probably unaware. 

The writer will discuss below the Aristotelian position and the observa¬ 
tions of Reaumur. 
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II. Aristotelian Knowledge 

From Chart I on page 23 and some other passages in Needham *s book 
{1934) it would appear that true insect eggs were known to Aristotle, and that 
he regarded the insect pupa also as an e^-stage. 

Nordenskiold (1928, pp. 42-43), however, maintained that true insect eggs 
were unknown to Aristotle. He summarised Aristotle's classification of animal 
eggs as follows: 

**Warm. and dry animals lay 'complete' eggs, such as osseans, frogs and 
ink-fish ; and finally the lowest animals of all —that is, of those that propagate 
in a sexual way—breed worms which give rise to eggs, as, for instance, insects 
whose pupae Aristotle regarded as eggs, whereas the true insect eggs were 
unknown to him " 

Some time ago I pointed out this discrepancy to Dr. Needham who replied 
(Jan. 16,1941) as follows: 

"The question you raise about the knowledge of Aristotle is very 
interesting, I have carefully gone into the matter, and my conclusion is that 
(as I said in my book^) Aristotle did know of the true eggs of some insects, 
and of their swelling during development^ (‘imperfect e^'), a phenomenon 
which did not receive a clear explanation till our own time (cf. Slifer's 
‘hydropileV—but that he was deceived by the pupa of other insects, csdled it 
also a kind of egg, and thought that the larva or scolex had not yet become an 
egg. As regards the sources of your confusion (i) my remark on p. 87-88 about 
Fabridus^ was ment to indicate that he made an advance on Aristotle's scolex 
theory, not on his knowledge of ‘imperfect', but true, insect eggs; (2) I think 
Nordenskiold is just simply wrong," 

"....I had a typescript copy made of the whole section in the ‘De 
Generatione Animalium * relating to the generation of insects and enclose it 
herewith. Most of it relates to bees, but this also may interest you. I have 
also had a copy made of Ogle's notes” on the same subject in his Introduction 
to his translation, and this accompanies the other." 


1 . Needham. J. 1934. A IRshnj of Emhryolofjy. honAon. 

2. As shown in this paper, there is no clear evidence that Aristotle knew of this 
swelling in true insect eggs. 

3. Slifer. Eleanor. H. 1938. The formation and structure of a special water-absorbing 
area in the membrane covering the grasshopper egg. Qmrt. J. mier, Sci, 77 : 615-637. 

4. Pabricius ab Aquspendente, H. 1687. Opera 0/nina, Goezius. Leipzig. 

5. Aristotle. De Generatione Animalium. Transl. and edit, by A. Platt, 1912, Oxford. 

6 . Ogle, W. 3882. Aristotle on die Parts of Animals, (TransU* introduction and notes.) 
London. 
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“It looks as if Aristotle certainly knew of true insect eggs, but was 
perhaps misled by viviparous or larviparons flies, which w’ould have given him 
a scolex with no obvious prior egg. He does not seem to be clear either about 
the distinction between an inset egg swelling by imbibition of water and an 
insect larva swelling by growth as a result of feeding.” 

I have examined the papers sent by Dr. Needham, and am able to 
confirm his view that Aristotle knew of true insect eggs. His other view that 
Aristotle also knew of the swelling of insect eggs,‘ I differ from. 

Aristotle's knowledge regarding insect eggs and their swelling may be 
summed up thus: (i) He certainly knew of the true eggs of some insects. 
(2) He was not at all happy about the distinction between the egg, larva and 
pupa. He regarded the pupa as the fully grown egg, and the true egg and 
larva—both of which he termed as the scolex, one non-motile, the other motile— 
he regarded as immature eggs, (3) In his “scolex theory” he maintained that 
there are two kinds of scolex: one capable of motion, in other words a grub or 
maggot; the other incapable of motion, and so exceedingly like an ovum in 
shape, size and consistency as to be indistinguishable from it, excepting by 
considering its ulterior changes [vide Ogle^). (This latter is the true egg.) 
Viviparous insects, such as the flesh-fiy, produce the motile scolex, while ordi¬ 
nary oviparous insects produce the non-motile scolex. (4) The scolex of either 
kind he regarded as more immature than an ovum [i e,, pupa) because it became 
an ovum pupa), as in bees, wasps and butterflies. The explanation, 

according to Aristotle, lies herein that the nature of these animals is “imper¬ 
fect”, and so their eggs (true eggs) are produced before due time, the scolex 
(larva) being as it were an ovum, still soft and in process of growth, and ulti¬ 
mately leading to the fully-formed motionless egg (i.e,, pupa). (5) Finally, did 
Aristotle know of the swelling of true insect eggs ? It is not clear. He of 
course knew of larval growth by feeding, regarding it as an egg-growth, but he 
was not clear about the distinction between this and the growth of the true egg 
sw'elling by the imbibition of water, because he regarded both the larva and 
true egg as immature eggs. Perhaps his mention of “imperfect” eggs which 
grow after being laid referred only to larval growth. At any rate, there is no 
positive and clear evidence to show that he knew of the phenomenon of the 
swelling of true insect eggs by the intake of water. In this connection. Dr. 
Needham subsequently (July 15 . IQ 41 ) wrote to me as follows: 

“I agree with you in doubting whether Aristotle really knew of the true 
s\\ elling of insect eggs, as opposed to the swelling of the larva as the result of 
its gxov\ th and feeding I was merely going on the footnote of one of the 
commentators .... \vhich concludes he knew. It’s not impossible that he 
observed it, is it '•* In some insects the observation would perhaps not be loo 
diliicult. He certairdy had a class for eggs that swelled after being laid, and 
I’ve always assumed he had the Amphibia mostly in mind, where the process 
is very obvious, though w’e kuow it it only due to the egg-jelly.” 

III. KE.-iUMUR’s OBSERVATION.S 
(a) Eggs oj saw-flies (1740). 

P^aumur (1740) observed the swelling of the eggs of at lea.st two species 
of saw-flies—one ovipositing in the stem of the rose-bush, and the other on the 


1 . See foot-uote. p. 146. 
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leaves of the wicker-plant. For the saw-flies he interchangeably used the 
expressions‘‘mouche a scie" or fly with a saw, and “ fausse chenille ” or false 
caterpillar. The specific names of the saw-flies were not given. Reaumur wrote 
before the system of binominal nomenclature was introduced by Linnaeus. 

Not content with the mere observation of the swelling phenomenon, 
Reaumur wanted to know the cause thereof His conjectures were both intelli¬ 
gent and penetrating. He suggested the following three possible causes of 
growth : (i) The egg-wall acts as a placenta and imbibes the juipes of the plant 

on which the eggs are laid ; the imbibition of the juices causes the egg to swell 
and also supplies nutriment to the embryo developing inside the egg. (ii) The 
egg is stuck on to the plant with some force and acts like a graft, tapping the 
juices of the host-plant, (iii) In cases where the eggs are laid on the leaf surface, 
and not in incisions, the moisture transpired by the leaf furnishes the where¬ 
withal for the increase in size of the eggs; he showed experimentally that if the 
leaves were allowed to dry up, the eggs deposited on them also shrivelled. We 
know to-day that the last explanation of R6aumur is most probably the true 
one Peacock’s (1928) experiments on the rearing of saw-fly eggs in mtro suggest 
that the imbibition of external moisture is the cause of egg-swelling, although 
some authors maintain that the increase is due to the intake, by diffusion, of 
food-material by the embryo While the latter theory has not been disproved, 
it is a most unlikely one for the reason that insect eggs usually contain an 
abundant supply of yolk to last throughout the embryonic development, and no 
external food is necessary. In Reaumur’s days, however, such a conjecture was 
pardonable ^ That the imbibition of external moisture through the egg-wall 
is the real cause of egg-swelling has now been experimentally shown in a number 
of other insects, the percentage of water in fully-developed eggs being consider¬ 
ably higher than in freshly-laid ones {vide Roonwal, 1935, for some details). 

Reaumur also noticed the late embryo inside the egg. He correctly 
recognised two black points as the eyes, and further noticed that the embryo 
was folded upon itself inside the egg. 

The translation of the relevant passages from Reaumur (1740) are given 
below in the Appendix (pp. 150-151). 

(6) Eggs of ants (X74z-iy43) 

Reaumur’s last (sixth) published volume of his Memoire pour servir a 
Vkisioite des insects appeared in 1742. He had plans of completing the Memoire 
in ten volumes, but the remaining volumes never appeared in print, although 
it has long been known that Reaumur had completed at least one more volume 
after the sixth. Some years ago Prof. W. M. Wheeler discovered, among the 
unpublished manuscripts of Reaumur in the archives of the Academy of Sciences 
of the Institute of France, Paris, an almost complete manuscript on ants 
entitled Histotre des Fourmis, Wheeler (1926) brought forth evidence to show 
that it was completed sometime between the end of October 1742 and the end 
of January 1743, and that Reaumur had intended it to be the seventh volume 
of his Memoire. 

The Histotre des Fourmis was first published, with English translation 
and annotations by Wheeler, in 1926. In it we find that Reaumur had observed 


1 . See foot-note to Appendix, p. 151. 
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that the eggs of ants, like those of the saw-flies, grow rapidly in size as they 
develop. The species of ants are not mentioned for reasons already stated for 
the saw-flies. 

As in the case of the saw-flies, Reaumur wanted to know the cause of 
the swelling of the eggs He suggested the following three possibilities : (i) 
The mother ant nourishes the eggs by moistening them with its mouth-parts, 
(ii) The black spot, which he noticed at one pole of the egg, functions as a 
mouth through which nutrition passes into the egg. (iii) The moisture imbibed 
through the egg-shell carries with it some nutritive juices. 


The precise cause of swelling for ants is not known even to-day. Of course, 
there is no *'mouth*' at either pole of the egg of the ant. The swelling is most 
probably caused by the imbibition, through the egg-wall, of moisture derived 
either from the "saliva” with which the ants continually coat the eggs, or, 
what is more likely, from the soil and the atmosphere. 

As late as 1915, Donisthorpe (p. 29) was not convinced that the increase 
in size in the eggs of ants actually takes place in nature by the absorption of 
external moisture To-day, by comjjarison with the cases of other insects, we 
need hardly doubt the truth of the phenomenon. 


R6aumur also observed the late embryo in eggs about to hatch. He 
remarked that it was just like the freshly emerged larva, and that it occupied 
a considerable part of the space inside the egg, the remaining space being filled 
with a "liquid destined to nourish” the embryo. This again shows, as pointed 
out above, that R6aumur always sought to explain the nutriment of the embryo 
on the basis of nutritive juices (not yolk) either already present in the egg or 
imbibed from external sources. 


IV. StJMMAXY 

1. While true insect eggs were known to Aristotle (4th century B.C.), 
there is no positive and clear proof that their swelling after oviposition, as a 
restilt of the imbibition of water, was known to him. 

2. The swelling of insect eggs was first clearly observed by the renowned 
French scientist, Reaumur. He noticed this phenomenon in the eggs of some 
saw-flies {1740) and of some ants (1742-1743). 

3. R6aumur attempted to explain the swelling largely on the basis of the 
imbibition by the egg of moisture and of nutritive juices derived from external 
sources, the former conjecture being to-day recognised as the correct one. He 
was probably unaware of the food-yotk contained in insect e^s. 

4. Reaumur also observed the late embryos contained in the e^s of both 
the saw-flies and ants, but early embryos were unknown to him. 

5. Subsequent to Reaumur, Rathke (1844) observed the swelling in the 
eggs of the mole-cricket and the caddis-flies. 
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VI. Appendix. 

The following translations from Reaumur (1740) give his observations on 
the saw-flies. My explanatory notes are enclosed within square brackets, whilst 
my annotations are given as footnotes 

(i) Saw-fy which oviposits on the fose-hush^pp. 121-122. (Translation):^ 

"... and one can compare this egg, as I have many times done, to an egg 
taken from a recent notch fin the stem] where the fly had deposited only a few 
hours ago: the egg taken out of the notch which [i.e., the egg] is swollen appears 
to be considerably larger than the other. One, therefore, concludes that the egg 
has increased in volume after it has been laid, which might appear to us a great 
singularity. Indeed, these eggs do not have a hard and inflexible envelope like 
those of our fowl, but are covered only by a simple membrane; however, the 
eggs of the majority of other insects also have only membranous envelopes, and 
yet their eggis do not grow^. The egg of our saw-fly of course grows daily at the 
same rate, and corresponding to that growth the flaps of the cell in which it is 
enclosed are obliged to be raised; it is necessary for this cell to become consi¬ 
derably large in all directions. The fly places her eggs as if it foresees the 
coming events; although she likes to place them close to one another, she leaves 
a distance between two notches in order that there may be room for swelling 
without their [the eggs] encroaching upon one another. 

" The egg, in growing and in necessitating the bark of the bush to elevate 
itself so as to become convex, forces the gap which has been made on the bark 
to become bi^er. The opening widens more considerably day by day, and 
when the false caterpillar comes out of the egg, it [the slit] is such as to give it 
[the false caterpillar] a liberal passage, which is necessary for it [to allow it] to 
go in search of life on the rose-bushes." 


1. Throughout this and the following translation, ‘‘growth” is intended to mean 
“swelling”, the former expression being used to keep the translations and literal as 
possible. 
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(ii) Saw-fly which oviposits on the wicker-plant—pp, i^y-i2g, (Translation ),— 

“It iias been easier for me to observe in the eggs of the last-mentioned 
flies than in those of any others, how considerable is the growth which taices 
place in these false caterpillars. I have compared some of these e^s, the insect 
in every one of which being ready to come out, with others nearly newly laid; 
the first have at least double the volume of the second. Those which are laid 
only on the same day are oblong, rounded at the two ends, white and transpa¬ 
rent ; they have as an envelope only a thin and flexible membrane. After some 
days one sees inside them a yellowish part. When they are more advanced, 
one discovers in them two black points which one judges to be the eyes: 
finally, if one examines them on the great day when liey are almost near their 
end [i.e,, about to hatch], one observes there the false caterpillar which appeared 
to me to be folded in two ; during the last days the growth [of the eggs] ceases. 

**What takes place [happens] to the worms [larvae] of these flies and to 
those of other saw-flies is certainly very remarkable. Is it that the shell of the 
eggs, its envelope, is a kind of placenta which saturates itself with the water 
that is imbibed from the juice of the portion of the plant on which it [the egg] 
is deposited, and that it is the juice which not only makes it [the egg] grow, 
but also provides for the growth of the embryo which it encloses Is an egg 
which has been deposited in a crevice in a stem of the rose-bush grafted with 
some force ? Is it that it [the egg] absorbes the juice of the shrub in the samt 
manner in which the bud of a tree, lodged in the notch made in another tree, 
appropriates to itself the juice of that tree ? It resembles what may be this. 
Indeed, the eggs of some of the false caterpillars are found laid immediately 
on the leaves where no incision can be discovered; but it does not follow that 
these leaves have no power to furnish these eggs at least the humidity they 
[the leaves] allow to be transpired. I have done an experiment which proves 
decisively that it is essential to the egg that this humidity is furnished to it 
by the leaf. I have watched several times in the powder [“poudriers^’j of the 
leaves of the wicker-plant on which there are the eggs of the false caterpillars- 
As the leaves get dried up, the eggs become similarly dried up, as has been 
noted by M. Bazin as also by myself. The eggs of butteries which were laid 
on a leaf which would dry up [in course of time] did not in the least give that 
[dryness] to the caterpillars. I immediately decided to place into water the 
leaves on which there were the slits of eggs of the false caterpillars. By this 
means the leaves have conserved their freshness; the eggs also do not appear to 
have suffered in the least. I have seen the false caterpillars gaining strength 
at the end of four to five days, and some others at the end of six to seven days. 
I have observed some bunches of these eggs* ( *pl, ii, fig. 9) composed of two 
layers which appears to form a great difficulty regarding the manner of nourish¬ 
ing the eggs of the second layer. At the same time, if the fly piles them thus, 
it means that she is able to do so without inconvenience. One should think 
that the humidity which rises from the leaf reaches the second layer of 
or that the eggs of the first layer furnish those of the second the excess of 
humidity that they have, and which suffices for those [f.e,, the eggs of the 
second layer]/' 


1 , Beaumur apparently believed that the developing insect embryo needs a snpply 
of nutritive juices from outside the egg. He was obviously unaware of the rich supply of 
food-yolk present in the eggs, and its function. Nor. of course, did he know what early 
insect embryos looked like—they were first observed 78 years later by Suckow (1818), 
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STUDIES ON INDIAN PARASITIC HYMENOPTERA—II* 

By M. S. Mani, Assistant to the Imperial Entomologist, New Delhi 

The types of the new forms described in this paper are deposited in the 
Imperial Pusa Collection, Laboratory of the Imperial Entomologist, Imperial 
Agricultural Research Institute, New Delhi. 

Superfamily SERPHOIDEA 
Family SCELIONIDAE 
Subfamily Tei,bnominae 

Liophanorus samuel!^ sp. nov. 

Female.— 0 ‘S mm. long. Black, ‘lederatig’, finely punctate, pubescent. 
Head viewed in front transverse, one-fourth wider than long, lateral ocelli 
contiguous with orbital border. Mandibles bidentatae as in figure i. Antennae 
as in figure 3, club penta-articulate. Cheek finely striate. Scape, pedical and 
three segments of funicle, the first two segments of club yellowish-brown, rest 
of club black. Mesonotum and scutellum finely punctate, parasidal furrows 
absent; mesopleura glossy and smooth. Fore-wing somewhat browned in the 
region of radial vein in the middle. Legs: figures 6, 7, coxae concolourous with 
body, mid and hind legs honey-brown, except the brownish terminal segment 
of tarsi, fore femora dark brown, rest of hind legs as in others. Abdomen oval, 
longer than rest of body, first apparent segment with the usual longitudinal 
striations, second apparent segment devoid of the same. 

Male. —Antennae as in figure 2, with a darker colour, except scape, which 
is brown, rest of antennae black Fore wing as in figure 4,5, the browning 
more prominent than in female, and distinctly transverse in the middle of the 
lamina. 

Holotype one female, allotype one male, paratypes several males and 
females in spirit and some mounted on slides; bred from the eggs of Bagrada 
picta laid in soil, C. K. Samuel, New Delhi, i. iv. 1942. 

This is the first record of a parasite of Bagrada picta; the only other 
species of Liophanurus known from the Indian region was bred from the eggs of 
a Pentatomid bug on sugarcane leaves. 

Superfamily CHALCIDOIDEA 
Family TORYMIDAE 
SUBBAMIBY MoNODONTOMERINAE 
Holaspis indieoSy sp. nov. 

Female (figure 8)_2*5 mm long. Bright metallic green. Head viewed in 

front as in figure 9, the shaded area below the level of the lower orbital borders 
punctate and densely set<»sc; viewed from above ocellocular space equal to 
ocellar diameter; lateral ocellar interspace thrice the ocellocular. Space between 


* Part I of this senes was published in Indian J. Ent.^ 3 ^ 11041) 
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antenaal sockets equal to that between the orbital border and the sockets, with 
a distinct carica between the sockets. Antennae : scape yellowish-brown; not 
reaching tlie front ocellus; rest shiny black and as in figure lo. Legs: coxae and 
femora concf'^ourous with the body, knees and rest of legs except the slightly 
fumated tibiae y'-ellowish-brown, terminal tarsal segment somewhat darker; 
subapical tooth of femur as in figure ii. Propodeum smooth, shiny. Ovipositor 
equal to length of abdomen. 

Male —2 o mm long. Punctation on face extending up to the middle of 
face. I^egs entirely yellowish-browm. 

Holotype one female on card, allotype one male on card; paratypes several 
females and males on card and one female on a slide. Received from the Forest 



Entomologist, Debra Dun, labelled : ‘'Bred from the fiower bud galls of 
Dalhergia sissoo; Dehra Dun, P. N. Chatterjee li. iv. 1941.” 

The galled flower bud is shown in figure 12. 
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Family EUCHARIDE 
Kapaloides, gen nov. 

This new genus differs from Kapala, Neokapala and Lastokapala in liaving 
one additional antennal segment, i 12 instead of ii. It approaches Lastokapala 
very closely in the structure of scutellum and pubescence of thorax. The 
antennae are unequally biramose In other respects resembling the three 
above-mentioned genera. The 12 segments of the antennae are as below 
scape I, pedicel i, funicular segments 9, club i, funicular segments all branched 
or the first simple, branches single or unequally forked in some segments. 
Scutellar processes with the forks broad and carinate 

Genotype —Kapaloides travancorensis, sp. nov. 

Kapaloides travancorensis, sp. nov. 

Male (Fig. 13)—4 mm. long. General colour of body dark metallic green 
Head metallic green, uniformly pubescent, with a height about five-sevenths of 
the greatest breadth and somewhat broader than thorax, longitudinally striate 
in front between the eye and the anntenal foveae, the striations near the inner 
borders of the eye much longer and reaching lower down than those near the 
antennal foveae (fig 14) face below antenna and sides of cheek below eye 
smooth and not straited, antennal fovea transversely striate, sides of cheek 
below the eye densely punctate in the posterior aspect, the back of head 
transversely striate Eyes brown. Antennae dark brown, finely pubescent, 
as in (fig. 15) Sculpture in the middle lobe of memonotum reticulale and in the 



Pigs. 8-12.—ifo/aspii>sp nov 8, female lateral view; 9 head viewed m front; 10. 
antenna of female; 11 hind femur of female showing the subapical dentation, 12 galled 
flower of DaJbertna showing the exit hole (abontX^j 


“Indian J. Ent. 4 (2)^ 




M. S. Mani 


156 

lateral lobes transversely reticulo-striate. Pleura sculptured as in figure 13 
Scutellnm relatively small, sculptured similar to middle lobe of mesonotum, the 
median furrow not very deep. Scutellar process (fig. 16) narrow, not extre¬ 
mely uldely separated, the carina moderately large Except coxae, which are 
metallic green, petiole of abdomen moderately long and longitudinally striate. 

Holotype one male on pin, with antennae mounted on a slide. Maddatho- 
ray. base of Western Ghats, Travancore, 17. xi. 1908. 

Kapaloides andamanensis^ sp. nov. 

Male —3 5 mm long General colour of body mostly dark green or very dark 
metallic green, somewhat relatively less thickly pubescent than the fore-going 
species. Head dark metallic green, somewhat more densely pubescent above 
than below, about as broad as thorax, with a height about three-fifth the greatest 
breadth; longitudinally striate in front between eyes and antennal fovea, above 
the level of attachment of antenna and never as low down as the lower level of 
eyes, the antennal fovea transversely striate; back of head transversely striate; 



Fig IB.—Kapalouics ttaiaJicotemiSj sp nov. 


sides obliquely striate behind, the striae continued as the transverse striations 
of the back, not punctate, smooth elsewhere. Eyes dark brown. Antenna as 
in figure 17 Mesonotum metallic green or greenish-black, coarsely sculptured, 
scutellum with a distinct median furrow and sculptured similar to mesnotum; 
scutellar processes broad and with rather broad carinae, widely separated from 
each other. Coxae dark testaceous brown, rest of legs brown. Abdomen dark 
coppery-brown, petiole black and irregularly longitudinally striate. 

Holotype one male on pin, with antenna mounted on slide. Port Blair, 
Andamans, iii. 1915. 
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Key to species 

Body mostly dark mettallic green, antennae with 9 branches, the branches not exceed¬ 
ingly flattened, first segment of fnnicle simple; scntellnm with the median furrow 
not very deep, processes relatively one-fifth shorter, without an abnormally broad 
Carina; striae on face descending down to lower level of eye well on the attachment 
of antennae. K, travaneorensis^ sp- nov. 

Body metallic greenish-black; antennae with 9 branches, the branches rather greatly 
flattened, first segment of funicle with a short, stout branch, some of the other 
funicular segments with a supplementary short branch; scuttellum with median 
furrow rather deep, processes relatively longer with broad carinae ; striae on face 

well above the level of attachment of antennae and never descending below. 

. K. andamanensiiij sp. nov. 

Family MISCOGASTERIDAE 
Systasis dalbei^e^ sp. nov. 

Female. —1*6 mm. long. Bright metallic green. Head viewed in front 
(fig. 19) broadly rounded, interorbital space, height of head and width of head 
in the ratio of 21 : 28 : 35; lateral ocellocular space about one and one-fourth 



Figis. 14 - 16 —Afl/wz/oiWes traeaneormsisii sp. nov. 14. head viewed in front ; 15. antenna; 
16, scutellar forks viewed above. Fio. 17. antenna of Kapaloides a 7 idammeisiii^ sp. nov. 
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the ocellar diameter when view^ed from above. Mandible tridentate, face 
rugosely punctate betw’een scape and inner orbital border, just below insertion 
of antennae transverselj- reticulate. Antennae ; scape dark brown ventrad and 
almost black dorso-apicaily, rest of antennae very dark brown, other characters 
as shown in figure 18, inserted a little above the lower borders of eyes. Wing 
as in figure 20. Coxae, fore and hing femora concolourous with body, rest of 
legs yellow, except the paler hind tarsi. 

Male, —Legs pale yellow, except the dark tips of tarsi and metallic 
hind femora. 

Holotype one female on a slide, allotype one male on card, paratypes on 
cards. Received from the Forest Entomologist, Dehra Dun, labelled : Parasitic 
on larva of Contarinia dalbergiac Mani, infesting fiower buds of Dalbergia sissoo, 
Dehra Dun, P. N. Chatterjee, 30. iii. 1938, 15. iv. 1941. 

Family EULOPHIDAE 

* Tetrastichus xanthomelaenae (Rondani) 

1870. Oomy'ius gallenicae, Rondani. BiiU. Com, aqr. Padova, p. 5 (preoc.). 

1872. Oomy^m xanthomelaenae, Rondani, Boll, ^oc, ent Hal., p. 73 (nom. nov.). 

1005. Tetrastichus xanthomelaenae, Marchal. Btdl. Soe. ent France, p. 82. 

I provisionally refer to this species a number of specimens in the Imperial 
Pusa Collection labelled; Bred from the eggs of Galerucella singhata, Delhi, 
M. Bose, 18 iv. 1942. 

The species was originally described from Italy as parasitic in the eggs of 
Gaiefucella luteola and is being recorded here for the first time from India. 



Fijfs. i^-^O—Systash daiberyme, sp nov, IS. antennae of female; 19. head view#*d in 
front; 2U. wing. 
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Silvestri^ describes the species as below : “Fenimina corpo di color verde 
niolto scuro, luceiite, cogli occhi rosso-scuri, le antenne giallo-scure grigiastre, le 
zampe giallastre coi femori bruno-neri eccetto che air ertreniita. Iv'ultimo articolo 
del tarso e pure alle volte di color bruno. Le ali sono traspatent! colla nervatura 
grigio azzurrognola. Lunghezza del corpo mm O 65 C) 75. Maschio : Differesce 
della femmina per le proportion! miiiori, le antenne diversimente confoimate, per 
Taddome pii\ ristretto del torace, per le zampe un poco piiT allungate, coi femori 
posteriori del colore delle tibie ” He has also briefly described the egg and 
larval stages. The species is widelv distribued in France and Italy and was 
introduced into the United States of America by Howard in 1907 but failed to 
get establish itself there ^ 

The adults feed on the juice of the host eggs which are punctured for 
oviposition The parasite develops for about 10-12 days in the host eggs and 
emerges as adult. 

Family MYMAmDAE 
Subfamily Gonatocerinae 
Tribe Gonatocerini 
Alaptus ramakrishnaly sp. nov. 

Male ,—0.25 mm long. Dark brown. Head viewed from above subpyri- 
form, ocelli in a wide obtuse angle, interocellar space twice the ocellocular, 
the later also about twice the ocellar diameter. Antennae as in figure 21, scape 



1 . fcjilvestri, Ann. li. Scuola sup. Agr. PoHiei, p. 29. 

2. The species was niore fully redescribed by Masi in BoU. Jjab. Zool., Agr. Poritri^ 
1908 : 48-50. 
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equal to the first four funicular segments combined, club equal to the com¬ 
bined length of the pieceding four funicular segments, pedicel equal to the 
first two segments of funicle. 

Holotype one male on a slide. T. V. Ramakrishna Ayyar, parasitic on 
mealy-bug on cocoanut, Coimbatore, i-xii-1934. 

Alaptus delMensis, sp. nov. 

Female. —0.25 mm Jong. Dark brown. Viewed from above head length 
half the width. Ocellocular space twice the ocellar diameter and interocellar 
space two and a half times the ocellocular. Antennal pedical about half the 
scape. Club relatively more stout than in Alaptus ramakrishnai, equal to the 
funicle in length. Otherwise as in figure 22. 

Holotype one female on a slide. On glass window pane in the laboratory 
of the Imperial Entomologist, New Delhi, M. S. Mani, 23.ix.1940. 

Key to species 

Pedical equal to the combined length of first two fnnicnlar segments, club oqnal to 

the combined length of the four preceding segments. A. ramakrishnai, sp. nov, 

Pedical shorter, club eqnal to the funicle. A. delhiensis, sp. nov. 

Subfamily Mymarinae 

Mymar indiea, sp. nov. 

0.8 mm long. Brown. Antennae about twice the length of body,, 
segments 13, scape and pedicel brown, rest of antennae very dark brown, pedicel 
about one-third the first funicular segment and somewhat more than one-fourth 
the length of scape. Ocellocular space is equal to the distance between the 
lateral ocelli and front ocelli, interlateralocellar space one and two-thirds of 
ocellocular. Fore wings as in figure 23. length of abdomimal petiole twice 



Pig. 22.—'Alapiiiif delhiemia^ sp. nov. 
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its diameter. The forked apical spur of fore legs and the pectinate setation of 
fore metatarsus as separately shown in figure 23. 

jHolotype one male on a slide Found along with thrips collected in 
dandelion flowers, Shumsher Singh, Delhi, 12.x. 1940. 

The genus Mymar is being recorded here for the first time from India. 



Fig. 23.— 'Sli^mar indtca, sp. nov. 

Superfamily BETHYLOIDEA 
Family ANTEONIDAE 
Subfamily Ck>NATOPiDiNAE 
Pseudogonatopus pyrillae, sp. nov. 

Female .—length 3.5 mm. Dark reddish-brown, with extremely scattered, 
fine setae. Head ; Darker above than below. Viewed above about twice as long 
medially; conspicuously excavated; interorbital space in front nearly two-thirds 
that behind, i.e., median orbital borders diverge strongly behind, also slightly 
sinuate; orbito-ocdpital space about one-third orbital length; ocelli very close 
to each other in the middle of the deeply excavated vertex; vertex smooth, 
shiny or obscurely sculptured, in the ocellar area vepr finely striate, with very 
fine scattered setae; median longitudinal carina prominent and touching front 
ocellus; occipital area excavated. Viewed in front transverse, finely lederartig; 
frons yellowish by median orbital border; median longitudinal carina faint 
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below, more prominent above and continued into vertex; clype^ obscurely 
finely lederartig, nearly twice as wide as long. Gena smooth. Mandible: yellow, 
4-dentate, teedi dark brown, apical tooth largest, blunt; second smaller, acute; 
third and fourth smaller, blunt. Antenna about five sixths the length of body; 
scape yellowish-brown, ventrally yellowish, compressed, finely densely pubescent; 
pedicel about four-fifths of scape; third s^ment fully thrice the scape; rest of 
antenna paler. 

Thorax without erect hairs; very distinctly divided; transverse carinae 
prominent; finely lederartig in front; smooth, glossy behind; narrowed part 
lederartig, i J times as long as broad, with a small, shiny area behind; propodeum 
finely lederartig in front and finely transversely striate behind, with a median 
longitudinal impressed line; about i J times as long as broad and five times as 
wide as narrowed part of thorax. Pleura matt. 

Legs: F coxa about 3/4 the trochanter; F femora equal to F tibia; tarsal 
terminal pincer claw of the usual structure, with eight lamellae and a minute 
sub-apical tooth on the lateral process; ten close-set lamellae on the inner pro¬ 
cess ; tarsi pale brown. H femur dark brown at the clavate base, rest of H legs 
light brown. 

Abdomen: Black, smooth, shiny, with transverse rows of fine short setae 
in the middle of each tergite; petiole bkdc, shiny about half the H coxae. 

Length 2.5 mm. Head: Viewed above transverse; occipital margin 
strongly curved; more than twice as wide as long; interorbital space 2/3 the head 
width; occipito-orbital space 2/5th head length; interocellar space twice occello- 
cular. Viewed in front sub-triangular, nearly twice as wide as long; median 
orbital borders slightly converging above. Gena 3/5th orbital length; posteriorly 
carinately raised. Frons medially, longitudinally raised; sculpture matt. An¬ 
tennae dark brown, inserted opposite the lower orbital border. Scape ovate; 
pedicel slightly shorter than scape. 

Thorax: Matt, coarsely lederartig; parapsidal furrows complete, distinct; 
scutellum distinct; matt; metanotum and propodeum matt. 

Legs: Except the l^ck coxae and the paler tarsi, fuscous-brown. Wings: 
hyaline; veins colourless; pterostigma colourless. Abdomen: nearly as long as 
thorax; smooth, shiny. 

Holotype—One female on a card labelled: “P.C.S. 710. Parasite on nymph 
of PyrtUa spp. Kamal, K. Lakshmanan Coll. 7-X-1941”. Allotype one male on 
card labelled **P.C S. 190, parasite on nymph of Pyrilla spp., Baurala Farm 
(Meerut). K. Laks hm ana n Coll. 23-X-1938. Paratypes three females on cards. 



DESCRIPTION OF TWO NEW AND REDESCRIPTION OF A 
THIRD SPECIES OF APANTELES (Braconidae) 

FROM INDIA. 

By K. B. IfAt, M.sc. (Alld), ph d. (Hdin.), 

Entomologist to Government, U. P., Cawnpore 

The study, on which the present paper is based, was carried out while 
the author was Assistant Entomologist at the Imperial Agricultural Research 
Institute, New Delhi. His thanks are due to the Imperial Entomologist for 
his encouragement of the systematic study of parasites and for permission to 
avail of many facilities. 

Apanteles halteatae sp. nov. 

Male and female black. Antennae, ovipositor sheaths, all coxae, hind 
trochanters and apices of hind tibiae fusco-ferrugineous; rest of the legs, 
ovipositor, costal vein, stigma and metacarp testaceous; veins and tibial spurs 
stramineous. 

Head: broad, easily three-fourths the distance between the tegulae; 
distance between hind ocelli slightly less than that between the ocellus and 
the eye on either side; very closely striate-punctate, occipital r^on smooth 
and shining with scarcely half a dozen fine punctures scattered about its 
entire area; sutures separating the first few flagellar segments not very distinct. 

Thorax: mesonotum closely punctate with coarse punctures running 
laterally and posteriorly into sinuate striations; scutellum smooth and shining; 
propodeon with two oval areas demarcated near base by curved rows of puncta- 
tion; striate, otherwise smooth, with no costulae, carina or areola, Foremng: 
length of stigma shorter than that of metacarp; first abscissa of radial as long 
as the breadth of stigma, its junction with the transverse cubital not clearly 
determinable, nearly twice the length of the transverse cubital, which, in turn, 
is about three-fourths the length of the recurrent. Legs: the longer hind 
tibial spur about half the length of the basal segment of the hind tarsus. 

Abdomen: elongated oval, the greatest width being across the second 
segment from which posteriorly it forms nearly an eqtiilateral triangle; first 
tergite rectangular with the lateral margins parallel, apical and basal widths 
equal and length twice of either, finely, though somewhat irregularly punctate 
across the middle third; second tergite twice as long as any of the following 
segments; all segments from the second with a transverse row of scattered 
pubescence along their posterior margins; ovipositor about as long as the 
abdomen. 

Holotype (male) and allotype reared from the caterpillars of Sylepta 
balteata Fabr. by Huq at Pusa, Bihar. Paratypes, four female and one male, 
reared from the same host and locality. All specimens deposited in the 
Imperial Pusa Collection, New Delhi. 

This species runs to couplet 53 in Wilkinson's (1928) key and in view of 
the apex and base of the first abdominal teigite being of equal breadth, might 
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be considered to be close to A, hyhlaeae Wilk. This, however, is not the case 
and the present species and hyhlaeae differ markedly in many features, e 
in the absence of areola in the former and in any evidence of the thickening 
of any part of the radial or transverse cubital veins, in the location and degree 
of punctation and in the colouration of the various parts of the body, etc. 
A. haUeaiae resembles A. pusaensis in several respects, e,g., in the absence of 
are^^a, costulae and carina, in the general shape of the thorax and its puncta¬ 
tion, in the long ovipositor, etc. 

Apanteles pusaensis sp. nov. 

Male and female black. Antennae dark ferrugino-testaceous; legs testa¬ 
ceous except all coxae and trochanters, hind femora, apical third of hind 
tibiae and portions of hind tarsi which are red testaceous to dark; mouth parts, 
t^^ae, stigma, veins and tibial spurs stramineous, the costal margin deeper 
in colour; basal one-fifth of the abdominal tergite and ovipositoi ferrugineous; 
ovipositor sheaths nearly black. 

Female.—Head : finely and closely punctate between the ocelli and the 
scapes, round the ocelli the punctation neither fine nor close but appearing to 
be replaced by curved transverse striations; occipital region impunctate; hind 
ocelli about equidistant from each other and the eyes. 

Thorax: mesonotum with very close and coarse punctation; disc of 
scutellum impunctate, shining and covered with small silvery hairs arranged 
obliquely; propodeon hardly half as long as broad, shortest length along the 
median line; mid-anterior margin slightly notched; ptmctate in basal half 
with some silvery pubescence along lateral margins; a very faint indication of 
areola noticed only in some specimens; costulae and carina entirely absent. 
Forewing: stigma nearly equal to metacarp ; first abscissa of radial not 
sharply marked from the transverse cubital than which it is slightly longer and 
at least as long as the breadth of the stigma. Legs: hind coxae sparsely 
pubescent, otherwise smooth; the large hind tibial spur half as long as the 
basal hind tarsal segment. 

Abdomen: first tergite narrower at apex than at base; nearly three times 
as long as broad in middle, sides sub-parallel, sparsely punctate about the 
middle region and sometimes towards the base also, thereby enclosing a smooth, 
irregular, quadrate area; second and succeeding tergites narrow; ovipositor 
sheaths about one and a quarter times longer than the hind tibiae, 

Holotype (female) and allotype reared from the caterpillars of Sylepta 
lunalis Guen. by Huq at Pusa, Bihar. Paratypes, ten females and three males; 
also reared at Pusa from the same host. Cocoons white and in mass of about 
fifteen. All specimens deposited in the Imperial Pusa Collection, New Delhi. 

The present species runs with difiBlculty to couplet 53 in Wilkinson's 
(1928) key and in some respects comes close to A, cdfydnae Wilk., e.g., in the 
first tergite being definitely narrower at apex than at base and in the hind 
femora being red testaceous. It differs, however, from ealycinae in the absence 
of an areola, in the degree of mesonotal punctation, in the absence of any 
sculpturing on the first abdominal tergite, etc. 

Two species of Apanteles, A, syleptae Ferr. and A, sagax Wilk. are recorded 
to have been reared from Sylepta derogata Fabr., another species of the genus 
to which the hosts of the two species, now described, belong. As remarked by 
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Wilkinson (1929), A, sagax and A* syleptae are themselves very different from 
each other and it seems that the present species can be closely related to 
neither sagax nor syleptae, 

Apanteles chilocida Viereck. 

Female black; tegulae and legs testaceous, except hind coxae (up to 
apices), apices of hind femora and tibiae and hind tarsi, which are blac^ and 
fore and middle tarsi which are slightly darkened; bases of scape, stigma, costal 
border and metacarp ferrngino-testaceous, veins lighter; eyes violet to 
testaceous; tibial spur white. 

Male agrees with the female except that the abdominal ventrifes are a 
light testaceous, gradually darkening towards the apical half; the third abdo¬ 
minal tergite has a ferrugineous sheen (in some specimens) and the eyes are 
black. 


Female.—Head; viewed sideways unusually prominent below antennae; 
hind ocelli equidistant from each other and from the eyes; finely but sparsely 
punctate; occipital region smooth and shining; eyes rather small. 

Thorax: as wide as the head at its broadest; punctation on mesonotum, 
mesopleurae and disc of scutellum rather coarse but close (in apical half of 
mesonotum punctate and striate); ventrites anterior to the middle coxae thickly 
covered with well marked longitudinal, silvery striae on either side of the 
median line and merging anteriorly into equally well marked, coarse punctation, 
propodeon about half as long in middle as wide, anterior margin sharply defined, 
specially on either comers, concave, well but rather irr^ularly punctate. 
Faring; stigma slightly shorter than metacarp; first abscissa of radial vein 
slightly curv^ and equal to the width of the stigma, also to the length of the 
transverse cubital or of the recurrent. Legs : smooth and shining except that 
the coxae are aciculate-punctate; basal joint of hind tarsus two and a half times 
as long as the s^;ment following; both the hind tibial spurs about equal and 
each is about half the length of the basal segment of the hind tarsus; a small 
triangular area in the metapleural region remarkably smooth and shining. 

Abdomen: Qs long as thorax; sharply elongated oval; first tergite very 
much like that of A. fiavipes Cam.; one and a quarter times as long as broad at 
base; nearly twice as broad at apex as at base; aciculate^pimctate except over 
a roundish area at base and a narrow strip along posterior margin; second 
tergite about as long as the third, punctate-striate (longitudinally); fourth and 
sul^quent tergites of nearly but not quite equal length (about three-fourths 
the length of third) and smooth; ovipositor very short and hardly exerted. 

Male agrees with the female except that the punctation all along is closer 
and thicker in the former. 

Redescription-drawn up from two male and a dozen female specimens 
reared from the larvae of Perigea capensis at Nagpur by K.B S. and at Seoni, 
Central Provinces. Two specimens, reared in Burma on 11-7-39, have also 
been identified as belonging to A. chilocida. All the specimens have been 
deposited in the Imperial Pusa Collection, New Delhi The species was first 
described by Viereck (1922) as Apanteles (Stencpleura) chilocida. The type 
locality was stated to be Japan and the host **Chilo simplex**, 
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This species is being recorded for the first time from the Indian region and 
seems to parasitise more than one species of moth larvae. It is hoped that the 
redescription, now presented, will help in its easy recognition. It comes very 
close to A, flavipes Cam, and A. sesamiae Cam.; in the matter of mesonotal 
punctatiott it comes nearer to the latter than the former. The distinctive 
features of A, chilocida are, i, the black colour of the hind and the aciculated 
punctate condition of all coxae, 2. the darkened tips of the hind femora and 
tibiae, which are very marked and 3, the prominence of the face below the eyes. 
Viereck ( op, cil.) has mentioned that the wings have a brownish tinge, which 
I have not noticed in the specimens before me and that the third abdominal 
tergite is brownish. In one or two specimens I have observed a ferrugineous 
sheen on the third abdominal tergite but not in others. It is possible that this 
is a varietal character. 

References. 

1 Viereck, H L., 1912, Proc. U,S. nat Mtis., 43 : 58*2 

2. Wilkinson, D S., 1928, BtdL ml. Res., 19 (2): 141. 

3. Wilkinson, B S., 1929, Bull. mU Re$., 20 ( 1 ) : 112 . 



INSECTS ASSOCIATED WITH THE LOTUS PLANT 
IN PENINSULAR INDIA. 

By T. V, Ramakrishna Ayyar, B.A., Ph.D. 

As far as the writer is aware there are no accounts of insects associated 
with this well known and famous member of the vegetable kingdom, excepting 
a solitary record by Das of a species of Apkis from the Punjab. A record of a 
pyralid (Nephopteryx semirubella Scop,) on Lotus is given by Hampson but with 
no locality or any other information (F. S. India). Apart from its fame in the 
oriental region—as the bearer of the flower which is recognised as an embi in, 
standard and ideal of beauty, it is perhaps not well known that the lotus plant 
has its economic value also. While in most parts of India the fame and supe¬ 
riority of the flower for use in religious functions is considered second to that of 
no other flower, the leaves and the main roots of the plant are also used for 
various purposes. The smooth and velvety circtdar leaves are not only used for 
packing fresh flowers and cooked eatables, but are actually used as eating plates 
in Indian households, in the same manner as banana or other leaves. The 
ivory coloured main roots of the plant are made into difierent preparations as 
eatables—some of them being very delidous. The fruits are also used for medi¬ 
cinal purpose in different parts of India. As such both from the economic and 
the aesthetic points of view the plant has its fame and importance. The writer 
has been noting some insects and their ways on this plant during the past two 
years in the Malabar District in South India and in the Deccan and the follow¬ 
ing summary of the observations so far made might be of some interest to 
Indian entomologists—espedally those engaged in economic work since there is 
nothing on the subject published so far. The following five insects have been 
noted on the plant till now. 

I. LOTUS HAIRY CATERPILLAR [Simyra conspersa Moore?) This 
is a fairly stout dark brown caterpillar having the body ftinged with d^k 
gray hairs rising from tubercles. The adult is a medium sized stout moth with 
whitish wings and body. The main features in the life history are as below. Eggs: 
The small flattisb oval eggs are laid in groups of hundred or more in patches on 
the leaf surface. The eggs are flattish, oval and are arranged in overlapping parallel 
rows like scales; the egg surface is finely and beautifully sculptured like that of 
some marine bivalve shells. When fresh laid the egg mass is golden yellow but 
gradually it turns bluish brown. More than two hundred eggs have b^n 
found in one batch. The eggs hatch in from four to five days in captivity. 
The Caterpillar: The just hatched larva is 1.5 mm long with the body having 
a dark greyish colour and fringed with hairs. The head and anal segment are 
black while the body shows transverse rows of hair-bearing tubercl^; but these 
become conspicuous only as the creature grows. The ventral side is pale grey. 
In 2 or 3 days the caterpillar gets a pale greenish white tinge and has 4 5 

distinct violent brown patches on the dorsal stuface at intervals. One on pro- 
thorax; one each on I and 2 abdominal segments, one between 4th and 5th 
segments and one just before the anal segment. The head and the segmental 
tubercles are black as also the hairs; the legs are dark. Even at this stage the 
creature is able to distribute itself by means of silk threads. The larva at first 
feeds by scraping the green epidermal layer of the leaf and as the caterpillars 
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grow they skeletonise the leaves leaving only the radiating ribs attached to the 
stalk. When full fed the caterpillar is 30-35 mm. long with a fairly cylindrical 
and elongated body. The general colour at this stage becomes bri^ter and 
though the ground colour is greyish it gets markings of white, yellow and 
brownish all over the surface. The head has a net work of pale yellowish mark¬ 
ings on a grey ground color. There appears a latero-ventral yellow longitudinal 
streak on either side of the body along the region of the spiracles. The body 
surface is covered with hair bearing tubercles; each segment has a transverse 
row of about 8 flashy tubercle^ each bearing a number of setae and hairs The 
median dorsal area is darker, with numerous pale white markings on each seg¬ 
ment ; some of the tubercles on the dorsal area bear black setae and the bases of 
some of thenEi have a reddish brown tinge. The prolegs are brownish gre^n 
inwards but darker along the outer area. jLegs are dark. The spiracles 
ate clearly seen as whitish spots just above the latero-ventral yellowish 
band. Though the body is hairy, the hairs do not appear to be irritating to the 
touch. The caterpillars feed gregariously almost upto the pupation period and 
cause appreciable damage to the foliage. The larval period occupies about three 
weeks. Pupa: The caterpillars pupate on the margins of the leaf itself; the 
brownish red pupa is enclosed in a tough whitish cocoon of very fine pure silk 
unmixed with hairs, and this is covered over by a folding of the leaf. The pupa 
is 15-18 mm. long with the cremaster having two or three very short blunt 
spine like structures and a few small gold coloured cilia. The pupation penod 
generally occupies from 8 or 9 to la days. One life cycle roughly occupies 5 to 
6 weeks. 

Mo/A:—The adult insect as stated at the beginning is a medium sized, 
stout whitish moth. The head, thorax and upper wings are greyish straw 
coloured, while the lower wings, abdomen and the ventral region are of brighter 
uniform white colour. The upper wings have faint fuscous streaks towards the 
apical margin, and the front margin is narrowly straw coloured. The moths 
have an average wing expense of 40-45 mm. No striking differences in colour 
are noticed between the sexes. 

Specimens of this moth which appeared quite unfamiliar to the writer 
were sent to the Imperial Entomologist Delhi who kindly examined the same 
and was of the opinion that it may be Simyra conspers'X Mo., but was not quite 
sure of the same. While this name is not found in Hampson's fauna volume 
there is a record of Nonagria conspersa Mo., which appears to the writer to be 
the same as S. conspersa. The Forest Entomologist who kindly examined 
specimens is also not quite sure of this identification of the lotus moth. Until 
the insect is correctly identified from further good material which the writer is 
arranging to procure we may retain this provisional identification. Any way 
there is no past record of this moth as having been reared out on any plant as 
far as the writer is aware. No alternate food plants of the insect have yet 
been noted. 

Natural enemies: The caterpillar has been found to be subject to the 
attacks of two natural enemies. One is a small Braconid (Apanteles sp ); each 


Naif:—Since writing this, the writer’s attention has been kindly directed by the 
Fcarest Entomologist J)eh^ Dnn to Hampson’s later work Lepidoptera Phalamae where 
Nonagria conspersa and ^myra conspersa axe stated to be synonymons, thus conj&nning my 
suggestion and in addition to Oalontta the insect has been recorded, also from the jpnnjab, 
ICi^purif Sikkim and Kaipur O.P. (T.V.lt.) 
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parasitised caterpillar is often found covered with hundreds of the small whitish 
cocoons of this wasp and numerous such heavily parasitised caterpillars are 
noticed in the July—August brood. The other is the red and black coloured 
ichneumonid wasp Melcha nursei C. which has been noted as a parasite of 
many other caterpillai pests in different parts of India 

This hairy caterpillar has so far been noted on lotus in the lakes and water 
thannels near about the city of Hyderabad (Deccan) and has not been found on 
any other plant till now. Observations so far made indicate that the pest 
passes through at least two generations on lotus from early June to end of 
August. It has not been found on this plant during the cold weather. 

2 THE TOBACCO CATERPILLAR (Prodenia litura F, Noctuid ,):— 
This is a notorious insect pest which is found in various parts of India. It has 
so far been recorded on about two dozen or more plants and some of them like 
tobacco, castor, sesbania etc. often suffer very seriously from its attack; but so 
for the writer has not foimd it recorded on lotus though he has noticed it on this 
plant both in Hyderabad and in South Malabar. As is the habit with this 
insect the caterpillars feed gregariously and cause the same kind of injury to the 
foliage as the hairy caterpillar One important difference is, that, while the 
latter pupates inside a lotus leaf fold itself, the tobacco caterpillar generally 
leaves the leaf and seeks the soil along the shores of the pond. To adapt them¬ 
selves for this purpose the caterpillars confine themselves to those lotus leaves 
which are nearer the shore. In South India the pest was noted to be particular¬ 
ly bad when the water in the pond dries up almost completely and the lotus 
vines pass the summer only with the help of the moisture of the mud in the 
pond. 

3. THE AQUATIC CATERPILLAR (Nymphula sp > Pyrahd): This 
is a slender pale green caterpillar found along the edges of the lotus leaf more or 
less touching the water surface. Infested leaves show numerous folds on the 
leaf margins and inside each fold a caterpillar is found feeding on the leaf tissue. 
The caterpillar is a typical aquatic larva with gill structures for breathing which 
enable the creature to remain on the watery surface The full grown caterpillar 
is 6 to 7 mm. long The pupa is found in a small tubular water proof case made 
of leaf tissue and silk and this is attached to the upper surface of the leaf. The 
adult is a small white delicate moth more or less resembling the moth of the well 
known case worm caterpillar of Rice (Nymphula depunciaJis Guen ). The bod3’' and 
wings have a silvery grey colour with light yellowish marks and clear white wing 
cilia. Two varieties of this moth have been reared out by the writer; one appears 
to be Nymphula affincilis and another, which more or less agrees with the descrip¬ 
tion of N, crissonahs W. in Hampson. The writer has noted species of Nymphula 
previously on aquatic creepers of sorts in tanks and ponds in Malabar where 
very often the plants are completely defoliated by the caterpillars during certain 
seasons and numerous moths are found flying about over the water surface. 
Very evidently more than one species of Nymphula affect these aquatic plants. 

4 THF LOTUS THRIPS {Scirioihrips dorsalis H var new padmae): 
Thousands of a minute pale yellow spmes of thrips are often found on the tend^ 
leaves and the flower budSL On the leaves the creatures generally confine their 
attentions to the succulent regions near the leaf stalks; attacked portions 
present a pale sickly appearance. The insect is a very minute creature with a 
pale uniform yellowish colour This thrips appears to be a Sdrtofhrips and 
very closely allied to 5 . dorsalis described by Hood in 1915 from material coUeo- 
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ted by the writer on Chillies in S. India. Though the colouration of the antennae 
and the wing structure show some differences they do not appear to the writer 
to be sufficient to give the insect the rank of a new species until closer studies 
are made- It may therefore be regarded as a variety of dorsalis and I have 
given it the name padmae after the lotus plant. 

5. THE LOTUS APHIS (Siphocoryne nymphaeae L.) . Colonies of this 
aphis are found on the lotus foliage in company with the thrips, especially on the 
succulent regions of the plant near the leaf stalks, tender leaf buds etc. These 
appear to cause comparatively greater damage to the foliage than the thrips; the 
whole leaf surface becomes sickly and very pale The material of this insect 
was kindly identified for the writer by the Imperial Entomologist. This aphis 
has been previously recorded by B. Das, 1918, Mem, Indian, Mus,, 6 {4): 191, as 
collected on the aquatic plants Lotus, Scripus, and Lemna. The insect popularly 
called **The water lily aphid” has a dark olive green colour and is said to be 
commonly found on numerous aquatic plants in various parts of the world. A 
few lady-bird beetles have been noted predatory on the plant lice but sufficient 
material has not yet been found. 

Further observations are being made on the insect fauna of lotus in diffe¬ 
rent areas and it may perhaps be possible to add more to our knowledge on this 
subject in due course. 



A NETTI.E GRUB PEST OF THE BANANA PLANT IN 

SOUTH INDIA 

[Miresa decedens Wlk.) 

By T. V. Ramazrishna Ayyar, b a., ph.d. 

Among the foothills and valleys bordering on the slopes of the Western 
Ghats along the Malabar Coast, which receive a copious supply of rainfall every 
year, the banana plant is grown as a perennial crop around every household and 
in all gardens. So far, this plant has not been found to suffer seriously from an.v 
insect pests, though some forms have been noted on it now and then. In Mala¬ 
bar as far as the writer knows these few are the stem borer beetle {CosmopoltUs 
sordidus Germ), a notorious banana pest in tropical areas, the leaf caterpillar 
(Prodenia liiuta Fh), a lace wing bug {Stephanitts typious Dtst.) and a thrips 
{Heliothrips kadaliphilla Ramk.) ; and one or two of these have been occasionally 
noted as sporadic local pests. In July 1940 in his banana plantation situated in 
the south eastern border of the Malabar District close to the western ghats, the 
writer noted a caterpillar pest which appeared to be not only a new record for 
the banana crop but even as a form not noted before as a crop pest anywhere. 
Though it was at first thought to be the Castor slug Purasa lepida Cram, which 
appears occasionally on banana, on closer examination it was found to be quite 
different from the latter. Finding it to be something new the writer attempted 
to make some observations on the bionomics of the insect and the following 
summary of the same, however imperfect, is presented with the idea that it may 
add a little to our knowledge of south Indian insects, and particularly of tjhose 
associated with the banana plant. 

The first indication of the existence of the insect was the appearance in July 
1940 of large and small irregular holes on the surface of the leaves of numerous 
plants seven to eight months old. Though on first examination it was possible to 
recognise the injury caused as the work of a leaf eating creature, the pest was not 
easily traced; on closer examination however it was found that the culprits were 
hiding in the grooves between the plant stem and the succulent leaf stsdks, obvi¬ 
ously indicating that the creature feeds during the night and remains hidden du¬ 
ring day. The insect is a species of nettle grub (Family Limacodidae) and appears 
to be quite different from any of the family so far known to the writer as pests 
The caterpillar is a typical nettle grub with a short, stout and very fieshy 
body, covered with rows of fleshy tubercles bearing irritating and poisonous 
spines. On casual observations the caterpillar is likely to be mistaken for 
the castor slug ‘Parasa lepida' a well known pest of castor, mango, wood- 
apple and occasionally of banana also—but as stated above, it was found 
to be an entirely different insect. When full grown it reaches only one 
inch in length. The head is small and dark and covered over by the fleshy 
prothoracic region. The general colour of the body is pale greenish white, 
with a distinct broad median dorsal bluish black longitudinal band running 
from the thorax * to the anal segment covering whole of the median dorsal 
area. The ventral region is of a pJler hue. On the body there are four longitu¬ 
dinal rows of spine tearing tubercles, one row along ea^ side of the middorsal 
dark band and another along each latero-ventral margin: the tubercles are pro¬ 
fusely supplied with spines of different sizes. The tubercles of the two latero- 
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ventral rows are more conspicuous and each of them has a brownish pad like 
structure in the centre, very irritating to the touch. The tubercles of the two 
dorsolateral rows situated in the thoracic segments are much longer than any of 
the other tubercles of the body and are very conspicuous, bearing numerous 
spines of different sizes. These and the spines of the anal tubercles have a 
shining yellowish tinge. The caterpillar even in captivity is not found to feed 
exposed. 

The full grown larva pupates inside a hard stout egg like spherical cocoon 
of a dirty brown colour as usual with most of the nettle grubs The cocoons of 
the caterpillar are generally found attached to the extreme lower regions of the 
banana plant, often under the soil in such a way that even when the plant is cut 
the pupae escape danger, being attached snflEiciently lower down the stem. 
The insect has been found to remain in the pupal stage from September-October 
to June-July, of the following year; from cocoons kept in captivity in September, 
1940, the writer got moths emerging only by the end of the following June the 
pupal period thus occupying from 8 to 9 months, and the insect evidently 
passing through only one generation in the year The insect w^as noted during 
this year also (June 1942) though not on such a large scale as in the previous 
two years. 

The adult is a short stout moth; though the general colour is a greyish 
brown, there is a golden velvety bloom all over the dorsal surface; when the 
moth rests, the golden bloom on the prothorax is very conspicuous. The wings 
are pale greyish and do not cover the whole abdomen; each upper wing has a 
light very pale transparent cross streak; the legs are stout and hairy. 

The insect which belongs to the moth family Limacodtdae has been kindly 
identified by the Forest Entomologist Behra Dun as Mtresa decedens Wlk; and 
the writer is obliged to him for the kindness. The descriptions of the larvae 
of two other species of Miresa (M. cdhipuncia Herr, and Af. argentifera Wlk) 
given in Hampson's Fauna of India volume do not agree with the larval cha¬ 
racters of the insect noted in this paper. 

^ Among Indian forms of the family Limacodidae we have so far only a few 
species recorded as having any economic importance. These include the well 
known and fairly well distributed species Parasa Upida Cr. which attacks castor, 
mango, coconut, wood-apple and other plants, Contheyla rotunda Hmp noted as 
a pest of tea and the coqonnt palm in Malabar, Natada nararia Mo, noted as a 
pest of the coconut palm in parts of South India, AUha nivca found as minor 
pest of castor in South India and species of Thosea & Bdippa noted as pests 
of Tea in Assam and South Indian hill areas. The insect described in this paper 
is therefore a new addition to the nettle grub pests so far recorded on cultivated 
crops in India. 



STRUCTURE, FUNCTION, AND ORIGIN OF THE EXUDATE 
ORGANS IN THE ABDOMEN OF THE PHYSOGASTRIC 
QUEEN OF THE TERMITE TERMES REDEMANNI 

WASMANN. 

By Duhg&das Mdeekji and Sakbhunath Raychaudhuri 
Zoology Department, Calcutta University. 

{With 3 Plates, 14 figs, and 1-6 Text figures.) 
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Introduction 

In social insects exudates from the body are taken in as food and play an 
important role in the economy of social life in as much as they arc exchanged 
between diffetent members of a colony. Exudation in giving rise to trophallaxis 
(Wheeler, 1928), thus becomes an important factor in evolution of social habits. 

In a termite colonj^ of the mound-building spedes, the chief interest centres 
round the physogastric queen which gives out copious secretions or exudates 
from the surface of her voluminous abdomen. The latter is eagerly licked by 
soldier and worker castes who tend her and feed her with stomodeal food 
(Escherich, 1911). 

Holmgren (1909) regards that more the queen is fed by her attendants, the 
more exudates she gives out from the abdominal wall, and the one inhuences 
the other so as to cause by giving rise to excessive nutrition of the queen, the 
physogastry. He further explains that there is a quantitaive difference in exu¬ 
dation at the early stages among the different members of a termite colony and 
this in as much as it induces selective feeding and thereby inhibition of sex, 
influences the origin of the varied castes. Although this view of polymorphism 
is disputed by Snyder (1935), the influence of exudates of the queen on the 
constitution and development of a termite colony is admitted by most of the 
authors in view of distribution of exudates to various members by the grooming 
habit of the termites (Kofoid, 1934). 

While the abdominal exudates from the queen have thus important bear¬ 
ing on the social structure of the termites, the nature of exudation, or rather 
the organs concerned in elaboration of these exudates, are but little understood 
and their morphology has not received adequate attention. 

It may be noted that Holmgren {1909) was the first author to <» 1 ! 
attention to the definite existence of a special exudation tissue in the termite 
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queen. This tissue, according to him, was a kind of gland situated within the 
abdomen, below the hypodermal layer of the body wall, and it was composed of 
epithelial-like cells which resembled the fat cells but nonetheless differed from 
them in not containing any fat droplets. Its secretions were assumed to pass to 
the exterior through hollow trichomes or hairs distributed on the cuticle. This 
glandular tissue was considered to originate by the direct transformation of the 
fat cells. In other phases where such a special exudation tissue was lacking, 
the exudation was accounted for, by the dissolution of fat cells yielding a gran- 
nular liquid which issued to the exterior through hollow hairs, or through pores 
in the cuticle as in the males where trichomes Ssappeared in course of develop¬ 
ment. However, Fe5i:aud (1912) was opposed to the theory of formation of the 
special exudation tissue in the queen by the direct transformation of fat cells as 
shown by Holmgren. He stated that it was formed indirectly from the fat cells 
through the action of leucocytes which infiltrated into the latter. Bugnion and 
Popoff (1913) disbelieved in such a mode of formation of a glandular tissue like 
the exudate glands, from an epithelial-like tissue or, fat cells, through the agency 
of leucocytes, and discounted the existence of hollow trichomes or any other 
channels, for the passage of exudates to the external surface of the abdomen. 
What he observ^ in the mature queen of Termes redemanni Wasm., obtained 
from Ceylon, was the existence of a columnar tissue, akin to Holmgren's special 
exudation tissue, but this was penetrated by tracheal-like tubes which were con¬ 
densed around each abdominal spiracle. Since he could not detect any duct or 
any communication of the columnar tissue with the exterior, he was of opinion 
that it was a gland derived from tracheal-gland cells, having an internal secre¬ 
tion which acted on the composition of blood. Now if the exudation could be 
in the nature of an internal secretion as assumed by the last author, liberation 
of this substance to the external surface of the abdomen as‘observable in nature, 
remains inesplicable. 

In fact, the divergent views referred to above, create an uncertainty as to 
the morphology of the glandular system concerned in exudation. We have 
therefore, investigated in detail the exudate glands and associated structures in 
the abdomen of the mature or physogs^tric queen of Termes redemanni Wasm. 
which is commonly found in the vicinity of Calcutta. For elucidating the 
homology of the exudate glands, we have compared the int^ment, the glands, 
the fat cells and relevant structures of different castes at the early and mature 
stages. Special attention has been paid to the structure of the abdominal wall 
in the queen as the latter presents an exuding surface which is licked by worker 
and soldier castes. We have also discussed the significance of the exudate 
organs in relation to social habit of the species. The biology of the species for 
convenience, has been referred briefly under the heading Material, so as to 
facilitate discussion at the end of this paper. In indicating the bearing of 
exudation on the physogastry of the queen, we have made an attempt to 
explain an aspect of the post-adult growth of the female, not touched by the pre¬ 
vious authors. 

Our observations differ in many essential points from those of previous 
authors particularly in showing (i) the existence of [a) a superficial and (b) a 
deep exudation system in the abdomen of the mature physogastric queen. The 
superfical exudation system is comprised of secretory vesicles on the external 
surface of the abdominal wall, and the deep exudation system is made of exudate 
glands which <^rres^nd to the special exudation tissue of Holmgren or columnar 
tissue of Bugnion. (it) direct communication of the deep exudate glands to the 
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exterior, through tracheal-like ducts whfch open by separate apertures on the 
abdominal spiracles, (iit) dissolution of old tracheal and muscular connections, 
and secondary formation of abdominal spiracles in the deala ted queen, (iv) 
derivation of the exudate glands from the hypodermal layer of the integument 
and not from the fat cells. 


Material 

The material vi as collected from Halisahar, nearly 30 miles distant from 
Calcutta. The place abounded in mounds of Termes (Cycloterfnes) obesus (Ramb.) 
and Termes {Odontotermes redemanni Wasm. 

The latter species was selected, for om: study as its mounds cropped up 
high above the level of the ground, offering better facilities for digging out the 
queen. Further since the same species occuring in Ceylon, was used by Bugnion 
in his anatomical studies, it offered us the advantage that any difference noted 
in the morphology, could not be argued as due to the difference in material. To 
obtain different stages of the species such as the larvae, nymphs with wing-pads, 
the males and the females, the moimds were dug in different seasons of the years 
1937 and 1938, and the collections from the different nests were kept separate. 
It may be pointed out that the nymphs with wing-pads were found along with 
other stages only in the months of March and April, while the developing eggs 
and all the stages or castes except the sexual alate forms, are met in the same 
nest throughout the year. Since searching out of the physogastric queen meant 
demolishing of a large portion of the nest and the colony did not thrive well 
after the removal of the queen, specimens representing the various phases were 
often obtained from more than one nest. 

The physogastric queen along with a dealated sexually mature male or the 
king, is usually found within the mound enclosed in a narrow earthen cell called 
the royal chamber which is slightly larger than the body of the queen. Occasion- 
all two or more queens of the same size occur in the same chamber as referred 
to by Hegh (1922), but their heads were found turned in opposite directions 
po&sibly to facilitate exchange of proctodeal food. A very large number of 
workers and soldiers are seen inside the chamber tending the queen. The king 
or the dealated male, is small and in our collection measures 14 mm. in length, 
but unlike the queen it is active in habits and generally escapes as soon as the 
royal chamber is opened. In both sexes the antennae and legs are found 
broken. 

It is worth pointing out thd the royal chamber in the mound is far away 
crom the upper or laterally placed chambers which contain combs known as the 
fungus gardens that are used for cultivation of white spheres eaten by soldiers 
and workers. They also serve as nurseries since the larvae or immature forms, 
occur there along with the mature or adult soldit rs and workers. The larvae 
seem to graze on a type of mycelium which covers like a soft felt the inside of 
the combs. Quite different from this t>^ of combs or the fungus gardens there 
is another comb which is exceedingly moist and is dark brown in colour and paj^ery 
in texture. It is of a different pattern from the rest and is the largest in size. 
It is located deep down in the centre of the mound. In this comb, eggs alone, 
but no larvae or other stages, are found. Close to this but quite separate from 
it, the royal chamber is rituated. The royal chamber is walled up on all sides, 
but there are very narrow passages in it leading to other chambers for mgr^ 
and egress of soldiers and workers. No food of any kind is found stored in it. 
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Eggs as soon as they are emitted along with a discharge of a liquid by the queen, 
in streams, are transferred from the royal chamber to the central moist comb 
which serves as the egg depository or the incubator- The queen, so to say, 
remains a prisoner within her cell exclusively dependent on soldiers and workers 
for food supply and protection, and cannot escape from this cell- It was remark¬ 
able to note that in two nests dug during the rains, the royal chamber was found 
very near the top of the mound while in those opened during the dry season 
particularly in the hot months of the year, it was found either very deep under¬ 
ground near the level of the sub-soil waterline, or placed more towards the 
surface drainage adjoining the mound- This means liat thq royal chamber is 
not a permanent one and is shifted according to the exigencies of the season. 
The queen evidently is transported from the old one and a new one is built 
around her by her attendants. The mutilation of the limbs might occur 
during the transport. 

The large queens in our collection, according to the estimation given by 
Escherich (1911) and Hegh (1922) should be several years old. The largest of 
the physogastric queen in our collection measures after preservation in alcohol, 
80 mm. in length and the smallest 60 mm., allowing for the contraction during 
killing and fixation. Unfortunately we could not get any queen at the incipient 
stage of colony formation. 

The immense size of the abdomen of the mature physogastric queen, is 
not owing to the mere distension of the wall or stretching of the intersegmental 
folds or membranes, as in the repletes of the ants, but due to continued growth 
and extension of ovaries, alimentary ca na l, and the bodjrwall, producing an all 
round increase in the size of the abdomen. This growth starts soon after the 
f^ndated female has settled down after dealation, to found new colonies, and 
continues throughout the life of the queen. This post adult growth (Snyder, 
1935) is of a unique kind because this comes in after the sexud maturity has 
be^ attained and no moulting is known to occur between these growth periods. 

The live specimens after removal from'the nests, were kept in glass jars or 
artificial nests, for observation of their behaviour. In our artificial nests the 
queen lived for a week when kept with a large number of workers and soldiers. 
The workers and soldiers crawled over the abdomen of the live queen, and were 
closely watched under a mfi^ifying lens as they licked the exudates covering 
the body wall of the queen. The small workers constantly fed the queen as well 
as other workers. The queen continuously laid eggs under the artificial con¬ 
ditions. But on her removal from the natural home, it died within a day or two 
if It was not accompanied by the worker and soldier castes. The latter invari¬ 
ably desert the dying queen whose body is shrivelled up. 

Mbthod 

A mature physogastric queen in fresh condition was dissected in saline 
solution and its internal organs were examined. The dissected parts such as, 
spiracles, integument, and glands, were taken out and were prepared for 
microscopical studies. The entire abdomen of the queen as well as of the other 
stages were also serially cut by microtome and studied. Of the various fixatives 
tried, Camoy and Lebrun’s fluid gave the best results. The fixed material was as 
usual dehydrated in ethyl alcohoL But, curiously enough, we failed in the begin¬ 
ning to cut serial sections of the entire abdomen of the queen by the ordinary 
paraffin method or by the doable embedding in paraffin and celloidin dissolved 
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in clove oil, although the body was weakly chitinised and was not hard, and each 
constituent part if separately taken, was amenable to sectioning by the ordinary 
parffin method We succeeded, however, in making serial sections by avoiding 
the use of essential oils such as cedar wood or clove oil either as clearing agents or 
as solvents of celloidin. Neither xylol was Used for clearing after dehydration. 
The dehydrated material from absolute alcohol was directly passed from thinner 
to thick solution of celloidin dissolved in absolute alcohol add ether; infiltration 
took two weeks under room temperature. The mass was solidified in chloro¬ 
form and passed on to molten paraffin of lower melting point 52°-54°C. In case 
of sexually mature winged forms vacuum embedaing bath was used for with¬ 
drawing air from the tracheae. In the case of soft bodied larvae, as well as the 
adult worker and soldier, ordinary method of embedding in paraffin of melting 
point 58 °- 6 o®C. served the purpose. Sections were cut 8-ioft thick. In the 
downgrade passage of sections, the slide, after removal of paraffin by xylol, was 
dipped for a moment in a thin solution of celloidin in alcohol and ether, 
and passed on to lower grades of alcohol, the object of the process being to 
prevent chitinous parts from floating away from the slide at the time of using 
aqueous stains (Mukerji, 1933). Various staining reagents were tried. Ehrlich's 
haematoxylin counter stained by eosin was found good for study of histological 
details while Mallory's triple stain was useful for differentiation of various 
tissues in the body. Eosin and acid fuchsin were readily taken up by the 
exudate glands and by the finer granular matrix in the haemocoele. Borax carmine 
followed by picro-indigo-carmine solution gave best results for nerve elements 
and fat cells, particularly in the immature forms. 

Photomicrographs and camera lucida drawings of important organs were 
taken. To facilitate comparison of homologous structures such as the fat cells, 
or the integument of the different phases, the pictures of these were drawn or 
photograph^ under the same scale of magnification. 

The Bodywaee and its Secretory Vesicuss 

External features :—^The increase in size of t^e abdomen in the physogas- 
tric queen is accompanied by the growth and expansion of the intersegmental 
i^embranes, the abdominal ter^tes and stemites retaining the same size as in 
the alate forms; but these are widely spaced out. In a queen of approximately 
8 cm. in length the abdomen is plump, the distance between the two consecutive 
tergites counting from the third to the eight varies from 8 mm. to ii nun. In 
the alate sexual forms, however, it may be noted that the tergites are more 
closely spaced and the intersegmental membranes are soft narrow belts between 
the sclerites. In the alate forms, the tergites are similar in texture to those 
of the queen, shining and brown in colour. They are likewise strongly ehiti- 
nised. Two transparent circular areas are found towards the lateral margins of 
each tergite in the anterior region of the body, simulating the spiracular aper¬ 
tures. 

In both the alate and dealated phases, solid cuticular hairs occur in plenty 
on the tergites as well as. on the stemites. The stemites in the queen are flexible 
and less weakly chitinised than the tergites. These sclerrtes are laid flat and not 
arched as in the winged sexual form. 

The intersegmental membrane on the dorsal and ventral aspects of the 
body in the physogastric queen (Text-fig. i), is smooth and exceedingly thin as 
compared to that of the alate phase; it is white and transparent. In preserv^ 
specimens it is wrinkled. Solid cuticular hairs are sparsely distributed over it. 

*^ndianJ Eut.,4(^r 
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The lateral bodywall in the segmental zone as well as in the mtersegmental 
zone is conspicuously thick, and stands in sharp contrast to the dorsal and 
ventral surfaces, in being thrown into undulating folds giving rise to the forma¬ 
tion of crests and grooves. It presents a corrugated appearance, the grooves 
being smooth inside and non-pigmented. The crests are studded with numerous 
little protuberances which collect into numerous isolated groups. These repre¬ 
sent secretory vesicles, which are dark brown in colour, (Text-fig i, v) and 



Text-sx9. 1. 

Biagratnmatxc representation of a dissected specimen to skov the disposition of 
the ezndate glands (d. ex.gl) and their ducts and the nerve supply (n. c.). The bodywall 
on the left removed but on the right retained to show spiracles (s.) vesicles (s.), dorsal 
mtersegmental membrane (d. im ), ventral nervecord {v. ne») and tergites (f.). X 2. 

comprise the superficial exudation system. The bodywall containing the vesicles 
is richly innervated by fibres arising in common with the spiracular branches 
from the ganglia of tb? ventral nerve cord. The distribution of the nerves is 
shown in the above figure. 

Superficial exudation system •—Bach vesicular group is surmounted in the 
^tre by a sensory hair (Text-fiig. 2, sh,). The latter is short and pointed and 
its base is sunk within a cuticular cup. On microscopical examination it is 
found that the narrow area immediately surrounding the basal region of the 



Structure of Termes redemanni Wasmann 


179 


surmounting hair, is like a moat charged with small globules glistening white. 
Outside the circular moat there occurs a number of very fine dark chitinous 
ridges radially arranged and these make the area of the integument containing 
the secretory vesicles rough to the touch. The ridges are confined to the 
vesiculated area. Interposed between these fine ridges there are impressed 
lines (Text-fig. 2, r.st.) which radiate and then broaden out as they leave the 
vesiculated area in the form of wavy strands of cuticular tissue passing in 
different directions so as to link up knots of vesicles that are distributed over 
the body wall. Plate I, fig. i., which is a photomicrograph of a permanent 
preparation of a portion of the integument, shows these strands (r.sf). In 
focussing the lines, the sensory hairs and the apical portion of the vesicles 
have gone out of the picture and the latter appear in the photomicrograph as 
large granular dark spots. The connecting strands run along the narrow 
cuticular infoldings of the body wall and the tracts so formed are peculiar in 



Text-fig. 2. 

Diagram showing the groups of secretory vesicles with a sensory hair at the centre^ 
in the lateral body wall of a physogastric queen, sh,, sensory hair. radiating strand. 

not being lined inside by the hypodermal layer of cells which however, are 
abundanfiy and uniformly distributed over the rest of the body wall. Depoats 
of a brownish substance could be seen on the vesiculated surface. The sub¬ 
stance coming out of the vesicles seems to harden on exposure to air, for it is 
found in fix^ specimens firmly adherent to the external cuticle. Tlfis exudate 
is elaborated by the small h3rpodermal gland cells lining the internal surface 
of the vesicles (PL I, fig. 2, hy,o,) and the secretions issue out in fine droplets 
evidently through pore canals the existence of which could only be proved by 
studies under Electron microscope (Richards and Anderson 1942). They are 
poured out as the sensory hair of a vesicular group becomes stimulate by 
contact with soldiers and workers. Isolated workers could be seen actually 
licking the vesicles. It is worth noting that vesicular structures like these 
or their connecting strands do not occur on the external surface of the bodywall 
in any other phases or castes of the termite species. 

It may be stated that the ordinary integumental folds or simple plications of 
the bodywall would occur while the (PL I, fig. 3) new cuticle is bang laid by the 
activity of the proliferating hypodermal ceils. The simple pli<^tions when 
stretched and smoothed over by the internal pressure of the fluid filling the 
haemocoele would add to the length and so increase the surface of the bodywall; 
these at the formative stage are, however, devoid of the secretory vesicles. 
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The body wall in the physogastric queen is composed of the cuticle and the 
hypodermal layer of cells (Text-fig. 3). 

A comparison of the integument of the queen with that of the other phases 
may now be made. For convenience of comparison the figures drawn on the 
same scale are given (Text-fig. 4). In both the fully formed worker and soldier 
castes, the cuticle is exceedingly thin and is not distinguishable into an endo 
and exo-cuticular layers. It is homogenous and shows no stratification. The 
hypodermal layer extends as a thin sheet of protoplasmic matrix, nuclei or 
cellular boundaries having disappeared. Solid cuticular hairs are common in 
each case. In the larval form the cuticle is thin but the hypodermal cells are 
distinct. In the dealated male the cuticle is intermediate in thickness between 
the queen and the nymphs with wing pads. 



Tbxt-fiq. 3, 

Diagram of the transverse section throngh a secretory vesicle, fh^ fibrous band of 
mnscle. /.leacocytes %c., secretory cells, ci.* tnchogen cell. Other letterings as in 
previous figures. Note on the right the ingrowth of the chitinous intima. 

It is worth noting that no hypodermal cells occur along the strands of 
tissue connecting the different groups of secretory vesicles. In a section of the 
bodywall passing through a connecting strand, a band of refractory tissue is 
found situated below the endocutide and running parallel to it (PI. i, fig. 4, str,). 
The refractory band that occupies the position of the hypodennal is 
composed of a shimng protoplasmic matrix in which are embedded peculiar 
spindle-shaped bodies which under lower power of a microscope appear as dark 
spots scattered within the shining granular protoplasmic mass. On higher 
manification the cellular nature of these bodies is disdosed, the middle portion 
of each body being swollen with extremities drawn out in the form of stiff fibres 
turned in a vertical direction of the figure. The nudeus is lodged in the swollen 
part. The cell seems to have nothing to do with conduction of secretion although 
It appears hollowed out in the interior more or less like the porocytes. We are 
indmed to the view that the nerve stimulus is conducted through this band. 
The exact significance of these cells within the band however, is not clear from 
its structure. The refractory band is bathed in the haemocoelic liquid which is 
non-granular in character in this part of the body. In the figure, dumps of 
musdes (m) could be seen a little below the refractory band. 
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Minute structure of the secretory vehides *—The secretory vesicles are 
evaginations of the body wall. The composition of a secretory vesicle is shown 
in (PL I, fig 2) The outer cuticular portion like the remaining portion of the 
bodywall is distinguishable into endo and exo-cuticle. The hypodermal cells 
lining the lumen of each secretory vesicle resemble epithelial cells and do not 
show any striking difference from the hypodermal cells composing the general 
bod3?wali except in the shape and size. These cells in general are greatly 
elongated and in a few of these little vacuoles or space could be seen at the 
inner end (Text-fig. 3, Ay.c.). The nucleus is prominent. The basement 
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Text-fi0. 4. 

Camera lucida drawings showing the relative thickness of the cuticle in (a) q[neen. 
(5) king, (c) nymph with wing-pad, (d) adult worker and (c) larva. ex.m., exocuticle. en,eu,f 
endocuticle* 

membrane (H. i, fig. 3, bm) which is noticeable in other portion of the bodywall 
as underlining the h3rpodermal cells, is wanting. Often it is seen that a very fine 
capillary tube glistening white when viewed nnder the transmitted light of the 
miscroscope, passes between two adjacent hypodermal cells and end on the top 
of the endo-cuticular layer. From the character of the capillary tubes we 
believe them to be tracheoles ramifying over the int^ment. At any rate 
they are different from the pore canals. 
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Though we could not detect any intra-or inter-cellular duct connected 
either with the hypodermal cells lining the vesicle or with the vesicle itself, we 
regard these hypodermal cells as glandular in function, the secretion of which 
seeps out to the exterior. It is difficult in such a case to say that the fluid 
filling the body cavity and flowing into the vesicular cavities of the^ integument, 
does not also ooze out An influx of the haemocoelic fluid or blood into the 
lumen of the vesicles would take place with contraction of the longitudinal 
muscles of the abdomen causing turgesence or bulging of the vesicular wall. 
Along with the body fluid, leucocytes would be carried into the lumen of the 
vesicles; in sections through a vesicle these are often seen abutting against the 
base of the gland cells. Below the glandular hypodermal layer, bands of muscles 
pass across the lumen of the vesicle and thereby imperfectly separate it from 
the general body cavity. The muscles give off fibres which are attached to the 
wall of the vesicle or to the integument. In sections through a vesicle, some of 
the muscle fibres passing across the lumen of the veside, do not disdose 
striations, or the characteristic nuclei, of the musdes. They seem* fibrous in 
character (Text-fig. 3 fb). Often a granular protoplasmic matrix surrounds 
them. Wedged in between these fibrous bands, or scattered within the 
enveloping protoplasmic matrix, there occurs a number of cells of differ?nt shape 
and size (PI. I-fig 2, fh\ text-fig. 3. l)^ These cells in our opinion represent 
degenerating muscle cells, sarcol3d:es as well as the leucocytes. The peculiar dispo¬ 
sition of the fibrous band is explainable by the fact that with the increase in the 
surface area of the body wall, the old muscular insertions on the cuticle degenerate, 
€Lnd fresh muscular insertions‘arise as the new cuticle is being laid down; leucocy¬ 
tes appear there with influx of the haemocoelic fluid so as to remove the debris 
of disintegrating tissues. 

Deep Exxjdation System 

Exudate glands :—^The deep exudation system is composed of (x) the exudate 
glands which correspond to the spedal exudation tissue of Holmgren or to the 
columnar tissue of Bugnion, (2) tracheal-like ducts and {3) ^ixacukr apertures. 
In dissected specimens examined in naked eye the exudate glands look like 
flakes of a fatty substance whitish in colour and closely applied to the bunches of 
trache like ducts opening on the piracies (Text-ffg. i, drix-gl), Eadi bunch of 
ducts is arranged inside like a whorl around the spiracle. The nerve supply of the» 
is shown in the same figure. While a certain portion of the exudate glands is in 
contact with the internal surface of the body-wall, the major parts hang freely 
in the body cavity bathed in the haemocoelic fluid. Examined under the low 
power of a dissecting binocular microscope, the glands are seen to be made up 
of a number of cellular lobes, which with regard to their distribution are segmen- 
tally arranged and converge on to the corresponding spiracles of the abdominal 
segments (Text-figs, i; 5), In sections the glandular lobes which tafe up deep 
stain, are found fairly distributed throughout the haemocoelic cavity of the 
abdomen; anteriorly they however, occur in greater abundance in the peripheral 
regions of the body (PI. I, fig. 2, ex, gL) They also ertend deep within so ^ to 
reach the intestine and sometimes pass between the interladi^ m as s of ovarioles. 
They however, are not deposited over the wall of the alimentary canal or the 
ovarioles. As seen in sections, the constituent gland cells bear in mode of dis¬ 
tribution a superficial resemblance to the fiat cells, yet in structurt and devdop- 
ment they ate altogether different from them. Jhey are distii^tiishable into 
(♦) an outer or spiraculat lobe (») a middle lobe (ttf) an inner lobe. The outer 
lobe of the glandular mass presents a different picture from the centrally placed 
one. The outer lobe of the gland in a segment, as it approaches the correspond- 
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ing spiracle (PL II, fig. 6, gL), appears in naked eye, like the fatty deposits 
on the walls of the tubular ducts. In cross sections tirough the spiracular ends 
(PL II, fig. 7, d. ex.gl.) the cells are found arranged single layer thick around the 
ducts. The duct is lined inside by a chitinous intima which in this photomicro¬ 
graph looks like a dark ring. The thickness of the intima lining the duct varies 
according to the region of the glandular lobe through which tiie section passes. 
The chitinous intinra gains in thickness as the duct approaches the spiracle, but 
gradually thins down as the duct branches out to form the ducteoles running 



Text-fio. 6. 

Diagram of a longitudinal section through the abdominal spiracle in the physogastric 
queen showing the exudate glands, the course of their ducts and the trachea, /r.. trachea. 
ex,gl.^ exudate glands, brn,, basement membrane, sp., spiracular pit. Other letterings 
as in previons figures. 

through the compact mass of cellular lobes representing the inner end of the 
gland. As a result of this arrangement, the outer end of the duct which is in 
communication with the spirade, looks like a trachea, the superposed cells com¬ 
prising the gland resembling the ecto-tiacheal layer and the chitinous lining the 
endo-trachea. (Text-fig. 5). In PI II, fig. 7, it may be noted that the por¬ 
tions of ducts which are deeply placed inside, axe obliquely cut here and these 
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have a comparatively thick chitinous intima, and their cellular coating, too, is 
very thick. Moreover, the cellular layers surrounding these ducts in few ins¬ 
tances, become confluent with those of the neighbouring ducts In consequence 
of fusion the cellular coating often becomes multi-layered. This is usually seen 
in the middle portion of the glandular lobe (Text-fig. 5). 

The inner portion of the glandular lobes is likewise made of compact mass 
of cells arranged several layers thick. There are, however, narrow channels 
or fine fissures between these dense masses of cells (PL II, fig, 8). These fissures 
are interstitial spaces and should be distinguished from the lumen of the ducts. 
They arise in course of development when the cells which are at first arranged 
in a single layer thick, become involuted with the increase in cellnumber, so as to 
form the multi-layered lobes of the gland. These spaces therefore do not func¬ 
tion either for storage or for the passage of secretory products of the glands. 

The inner lobe of each exudate gland is remarkable for the irregular and 
dense outgrowths it gives out, which in sections appear as continuous or isolated 
clusters of cells according to the plane in which they are cut (PL II, fig. 8). 
They occur in plenty at the posterior end of the abdomen in the aged queen. 
The cells are large in size and look like tall columnar cells placed either side by 
side or tangentially several layers thick The shape of the constituent cells of the 
gland varies according as they are placed at the centre or at the periphery of a 
cluster. The outline of each cell in a lobe is always distinct (PL II, fig. q); 
the nucleus is spherical with a large nucleolus There is no vacuole nor mtra- 
cellular duct Cytoplasm contains granules which take up nucleaj stains and 
evidently these represent secretory or rather excretory products. Finer branches 
of ducts or ducteoles resembling tracheoles are often found traversing the cytop¬ 
lasm in the central zone. 

Comparison with fat cells *—^The cellular lobes which we designate for the 
obvious reason, the exudate glands, differ from the fat cells in not containing 
any fat droplets (PL II, figs. 8,9). They do not form a cell syncytiunx, the 
outlines of the constituent cells remaining distinct. Their nuclear structure ^ 
also different from those of the fat cells of other insects. In this connection it 
is worth pointing out that we have not found in the physogastric queen, a 
separate existence of the fat cells which are common in other phases of termites, 
and which occur in general in orthopteran or the primitive insects. It might 
be interpreted that the fat cells were the precursors of the exudate gland cells, 
and the former as such, were not found in the physogastric queen being t^s- 
formed in the previous stage into the latter. Had these exudate glands been 
derived from the fat cells, we would naturally expect that they would be seen 
at least at the transitional stage of formation in the winged sexual female forms 
or in still earlier stages. 

Let us, therefore, first examine the condition of the fat cells win^d 

sexually mature females. The haemocoelic cavity is uniformly filled here with 
abundance of large globular fat droplets shining white. These fat droplets 
reproduced in PL III, fig. ir, /., and these appear as white i^ses st^und^ by 
protoplasmic debrb. But the characterstic nncteated fat cells or outlmes of any 
exudate gland cells, either preformed or their anlage, could not ht det^^ at 
that stage. Evidently the large ^herical fat droplets noted in the ^ate forms, 
collected thereafter the disint^tfon of the fat cdls that in 

nucleated forms in the preoSing stage of the winged female. In fact m the 
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nymphs with wing-pads, the fat cells (PL III, fig. 12, /) occur in sheets, 
and the structure of their nucleus or the vacuolated cytoplasm enclosing the fat 
globules, is like those in the primitive insects. The condition of fat cells in the 
larval forms is of more interest as the latter may be taken for a practical pur¬ 
pose, as the focal type from which the various castes radiate. The fat cells in a 
larval form is shown in PL III, 14, / The nuclei are spherical and distinct but 
the fatty deposits in the cytoplasm are not so prominent as in the nymphs with 
wing-pads. In PI. III. fig. 13. /., the fat cells of a mature worker caste are 
shown. Those of the soldier too differ little in shape and size from the worker. 
In the dealated male accompanying the physogastric queen, the fat cells (PL III, 
fig. 10, /) are somewhat different from those of other stages, suggesting that 
they are now in a semi decomposed state; the nuclei here are distinct and the fat 
deposits occur in the form of droplets enclosed within the vacuoles. It is interest¬ 
ing to note that in the king, the fat cells have not undergone complete dissolution 
like that observable in the physogastric queen. In the latter the fat cells have 
completely lost their identity, so that neither the large spherical droplets of fat, 
nor fragmentations of the disintegrating fat cells, are found. 

Evidently the process of dissolution of fat cells started in the winged 
stage, is completed in the queen phase, the fatty deposits together with the 
decomposing tissues of the alate passing into solution to form a turbid and 
viscous fluid which tensely fills the haemocoele of the physogastric queen. 
The same type of fluid does not occur within the body of the previous phases. 
The extent of liquefaction depends on the age of the queen. In a physogastric 
queen of comparatively younger age if a section be taken through the abdomen, 
the haemocoele is found filled with the fluid or blood saturated with fine 
granules, while in older specimens the body cavity is filled with a non-granular 
viscous liquid, which is seen in the prepared sections in a coa^lated condition. 

It should be mentioned in this connection that the exudate glands under 
discussion are quite distinct from the oenocytes and from the pericardial cells 
that occur in plenty beneath the mid-dorsal line which is marked with a 
dark-brown stripe in the aged queen. 

Origin of exudate glands x —^The mode of origin of exudate glands and their 
ducts can be traced back to the winged sexual phase or alate forms, although 
no definitive exudate glands or the ducts could be perceived there, or, at 
any stage prior to it. In sections through the abdomen of sexually mature 
alate female, ingrowths of chitinous intima from the cuticular layer are seen 
to pass inside the body cavity in the form of narrow sticks carrying before 
them the underlying hypodermal cells which are at the proliferating stage, 
(PL III, fig. II.) 

The sticks do not lend themselves to the formation of apodemes, but are 
pushed inward towards the growing ovarioles to be convert^ at a later stage, 
into a band firmly adherent to the ingrowing ectodermal cells. 

In absence of any material in our collection representing the sexual phase 
at the initial stage of founding new colonies although we could not trace the 
intermediate stage of development of the exudate glands and their ducts, the 
indications however, are sufficient to suggest that the iuvaginated ectodermal 
cells become modified to form the exudate glands in the queen. 
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^ In certain series of sections tlM*oiigh the abdomen of the queen of rela¬ 
tively smaller size and so assumed to be younger in age, the inpushed band 
resembles a chitinous intima. The cells abutting against this band, are tall and 
resemble columnar epithelial cells. The latter are penetrated by tracheal-like 
capillaries. In the central portion of the abdomen, the band is detached and 
seems to have disintegrate there and, so, it looks as if it was formed by the 
coagulation of a thick homogeneous liquid. 

The granular fluid filling the haeniocoele, at first however, is distinct from 
this, but later comes closer to the outer limit of the disintegrating band. In a 
few instances a number of leucocytes could be seen migrating within the granular 
fluid which flows round the decomposed band. The leucocytes approach nearer 
to the cellular layer of the glands as the adjacent band of intima undergoes 
degeneration and liquefaction. In rare instances where the band is on the 
vanishing point, a few* leucocytes are found applied against the outer limiting 
surface of the cellular lobes which are destined to form the exudate glands. 
In no case hbwever, the leucocytes are found penetrating within the cellular lobes. 

The varying morphological pictures of the exudate glands as given by 
different series of microscopical sections referred to, though appear to be anoma¬ 
lous, really represent the different stages of development of the exudate oi^ns 
which originate from the ectodermal layer at the winged stage, the process of 
separation and differentiation from the integument being continued on in the 
queen stage. 

Duct of the exudate glands and the trachea :—The trachea-like ducts of the 
exudate glands, to which reference has already been made, communicate with 
the exterior by the small circular apertures situated within the spiracles (Text- 
fig. 6). The relation of these ducts to the spiracle and the exudate glands, is 
shown in the photomicrograph of a section of the abdomen passing through 
spiracle of a physogastric queen (PI. II, fig. 6). 

It is interesting to note that the bundle of ducts of the exudate glands, 
near their spiracular end, has an inner core of tracheae (Text fig. 5, ir.). The 
lattter open like the ducts by the small circular apertures placed witliin the 
spiracle. 

The tracheal tubes from the spiracle run for a short course parallel to the 
ducts and give off branches which supply the alimentary canal, muscles, nerves, 
the oviducts and other organs. These tubes unlike the ducts of the exudate 
glands have no thick coating of cellular lobes but yet they could only be dis¬ 
tinguished in the freshly dissected specimens. The composite bunch of tubes 
connected with a spiracle, looks like the spiracular branches of a tracheal system 
with this difference that instead of a single tracheal tube opening on the spiracle, 
we have here two sets of tubes namely, the tracheal-like ducts of the exudate 
glands, and the tracheae proper. One is concerned in conducting the exudate" 
and the other in respiratory gases. The difference between these two sets of 
tubes is borne out if sections passing through a posterior abdominal spiracle, be 
closely examined. Dark-brown granules similar to those smearing tlie external 
bodywall and issuing through the spiracular pits, are found scattered within the 
lumen of the ducts near their spiracular end. These are not found within the 
tracheae proper which appear empty. If serial sections of the abdomen be 
examined, it is found that the lumen of a few of the deeply placed tracheal-like 
tubes (PL II, fig. 7) which had been cut transversely, contains a clump of very 
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fine granules (gr, fl) which curiously look more like a coagulated liquid than the 
larger brown granules contained within the other ducts. 

The ducts and the accompanying tracheae resemble one another so closely 
in structure, that it is difficult .in serial sections of the abdomen to nmke out any 
morphological distinction between the two. 

In both the sets of tubes, the ectotrachea and endotrachea can be 
differentiated as in an ordinary trachea of an insect. But there are points of 
difference between them which are only noticeable when a tracheal tube supply¬ 
ing the oviduct or the wall of the intestine in a mature queen, is separately cut 
and compared with an isolated duct which is filled with the secretory products. 
The duct is lined inside by a chitinous intima which is thicker than that of a 
trachea proper. In longitudinal sections of the ducts, flat chitinous bands are 
found laid flat like the rungs of a ladder, and the taenidia are not spirally coiled 



TEXT-Fia. 6. 

Diagram of an abdominal spiracle of the queen showing circular 
apertures within the pit, apertures of the exudate glands, f^bw., 

fold of the bodywall. 

as in the ordinary tracheae of insects; they are more widely spaced out than in 
the tracheae proper. 

Moreover, the outer cellular coating of a trachea, say, for example, in the 
one connecting the spiracle with the oviduct, is exceedingly thin and membra¬ 
nous, the cellular outlines having disappeared with nuclei becoming there 
indistinct By contrast, the cellular envelope of the duct comparable to the 
ectotrachea of the above, is fairly thick and not membranous, and the cells are 
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distinct and clear. This coating however, is not uniform in thickness as referred 
to before. Now while the duct in the spiracular region comes hush with the 
aperture by which it opens to the exterior, the outer thin cellular coating of the 
duct merges with the adjoining hypodermal cells lining the internal surface of 
the bodywall, so that no distinction could be made between the cellular coat¬ 
ing of the duct and the lining hypodermal cells of the adjoining integument 
(Text-fig. 5). 

Towards the inner end of the duct, the cellular envelope as noted before, 
gradually gains in thickness. One of the reasons for this may be that as the 
duct passes through the cellular lobes of the exudate glands, the single layered 
cellular coating of the duct corresponding to the ectotracheal layer, merges with 
the cells comprising the exudate glands. Therefore as the duct with its branches 
courses through the cellular lobes of the exudate glands, all distinction between 
the cells, strictly belonging to the coating of the duct and those of the exudate 
gland, fades away. In fact the two are continuous with each other. This ana¬ 
tomical continuity starts from the hypodermal layer of the bodywall and can be 
traced along the entire length of a duct as far as the swelled lobes of the inner 
portion of the exudate gland (Text-fig. 5). No doubt the cells in their passage 
from the hypodermal layer of the integument to the lobes of the deep exudate 
gland, show all possible transitional stages in form and shape, but no funda¬ 
mental structural difference between them could be detect^ (PI. II, fig. 6). 
The continuity in disposition and similarity in finer structure of the cells con¬ 
cerned, are conceivable if we accept the origin of the exudate glands from the 
hypodermal cells of the integument. 

It is interesting to r^rt in this connection that we failed to find within 
the abdomen of the queen the large longitudinal tracheal trunks which common¬ 
ly exist in the winged insects (PL III, fig. ii.) These evidently degenerated and 
disappeared here together with their branches so as to ms^e room for the 
growing mass of exudate glands, ovarioles and the enlarged alimentary canal 
of the physogastric queen. On making comparison with the alate forms, it seems 
as if the tracheae gradually dissolved away since they came in close contact 
with the growing ovarioles. We came to this view because in the winged 
sexual forms, an abundance of tracheal branches is noticed near the ovarioles 
(PL III, fig. II, ^r). These, however, are conspicuous by their absence in the 
queen where the ovarioles increased in size and number. The disappearance of 
the major tracheal trunks and the concomittant appearance of the exudate 
glands together with their tracheal-like ducts in the queen, are suggestive of the 
replacement of the one by the secondary formation of the other as the winged 
forms pass into the wingless queen phase. 

Spiracles :—^The spiracles in the mature queen (Text-figs, i, 5, 6 ) ^ 
peculiar that they resemble cup-like depressions of the bodywall, having its 
floor and side walls perforated by a numb^ of circular apertures. The mou^ 
or external aperture of the spiracles is reduced to a narrow elongated slit in 
being overhung by a folding of the adjoining integument (Text-fig. 5, sp.). 
Owing to the peculiar nature of the spiracles, we have referred these in this 
paper, as spiracular pits, while the mouth-slits of these have been called by 
Bugnion, the spiracles. The perforations within them are the external open¬ 
ings of both the ducts and the tracheae. The apertures are distributed on the 
side walls as well as on the floor of the spiracular pit. All the apertures witto 
the pits are round and can be easily seen in surface view if the spiracular pits, 
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which are sunk within the folds of the bodywall, be exposed and examined 
under a dissecting binocular microscope {Text-fig 6, a ex,gl ). They are wide 
enough to admit the passage of blunt entomological pins In general the 
centrally placed apertures lead into tracheal tubes and the peripheral ones into 
the ducts. No morphological distinction could, however, be made between the 
apertures connected with the ducts of the exudate glands and those of the 
tracheae proper. 

As to the size of the spiracular pit, it may be noted that in a specimen 
70 mm. long, the pit if opened out, measures, i 4 mm. in length and 2.5 mm. 
wide. The rim of its mouth-slit is flush with the body wall and is marked by 
a W’eakly chitinised ridge. The mouth-slit of the spiracle with its major axis 
lies in the transverse direction of the body (Text-fig i). 

The circular apertures within the spiracular pits, it may be observed, do 
not lead into an atrium. Moreover neither the mouth slit, nor the cup-like 
spiracular pit, nor the apertures in it, are provided with a closing apparatus of 
any kind, and no peritreme could be distinguished at any place. 

Inspite of the above difference between these pits and the true spiracles, 
there are close similarities between the two as regards their segmental arrange¬ 
ment and also their connections with the trachea-like tubes, to warrant the use 
of terms the spiracular pits and spiracles, as synonymous. 

Now there are six pairs of spiracles in the abdomen of the queen It is 
remarkable that the first pair of abdominal spiracles differs in shape and posi¬ 
tion from the rest which agrees with the description of the spiracular pits given 
above. The first pair are placed on the lateral border of the corresponding 
tergite, exposed to the exterior and not sunk within the folds of the bodywall 
like the spiracular pits Each member belonging to the first pair opens to the 
exterior by a single circular aperture which can definitely be homologised with 
the external spiracular aperture of insects with this distinction that it, likewise 
the posterior abdominal spiracles, acts as the outlet for the discharge of secretory 
products of the exudate glands, the ducts of which open on it. 

It is also noteworthy that while the first abdominal pair closelv resembles 
in shape, structure and position the corresponding spiracle of the fully formed 
winged sexual female, the remaining abdominal pairs in the queen called the 
spiracular pits differ from those of alate forms in being placed far removed from 
the lateral margin of the corresponding tergites and having an outer slit of ellip¬ 
tic shape and numerous aperatures inside them as remarked before. 

In the winged forms all the abdominal spiracles are built like the first pair, 
the external bpiracular apertures being small and circular in outline and exposed 
to the exterior. Each of these spiracles is surrounded by a peritreme ring and 
leads into an atrium communicating with the tracheae, and has got nothing to 
do with the passage of the secretory products, the exudate glands being wholly 
absent there. 

The exuding spiracles of the pit type described here are a special feature 
of the queen only and are not observable either in the males or nymphs with 
wing-pads or in immature larval forms. In the mature worker or soldier 
castes, also, the exudate glands and the special type of spiracles noted in the 
queen, do not exist. 
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Nature of the exudate :—^The exudate passing out of the spiracles of the 
abdomen of the queen is a ^easy fluid, brown in colour containii^ an abundance 
of granules which look like small spherical crystals. Workers and soldiers 
congregate round the abdominal spiracles to lick this exudate. This can be 
easily observed under a magnifying band lens, if the queen, immediately it is 
dug out of the mound, is transferred to a glass jar of wide diameter, and kept 
there along with a large number of soldiers and workers of the same nest. The 
exudate is poured out in such a quantity that if it be not imbibed, for a 
shortwhile, by the attendant soldiers and workers, it overflows the spiracular 
pits and the entire body of the queen becomes besmeared with it and feels 
greasy to the touch. The overflow of this exudate over the body is aided by 
the rhythmic contraction of the abdomen. A peculiarity worth noticing is 
that towards the closing days of the queen in our artificial glass-nest when she 
is left alone being desert^ by the soldiers and workers, the exudate covers her 
body like a thick scum, and the queen thereafter expires. It is difficult to say 
whether the thick slimy scum is the result of accumulation of the excreted 
substance not being removed by the workers and soldiers as these are discharged 
to the outside, or, is due to the excessive secretory activity for counter-effecting 
the drying effects of atmospheric air in the artificial nest, the queen.being inured 
to humid condition in the subterranean nest. 

Discussion 

The physogastric queen liberates exudates which are of two types: (i) 

liquid droplets issuing from innumerable glandular vesicles microscopic in size 
and distributed over the sides of the abdominal wall (ii) greasy fluid flowing out 
in abundance through a number of tumid circular apertures placed within the 
spiracular pits which are segmentally arranged on the sides of the abdomen. 

These two modes of liberation of exudates were not reported by the pre¬ 
vious authors. It is quite possible however, that the liquid contents of the 
bodycavity seep out through the bodywall so as to constitute the exudate of the 
superficial type, when the vesicular areas bulge out by the internal pressure of 
the blood as the abdominal muscles contract. In this respect Holmgren’s view 
that in certain cases the exudate comes out through pores of the bodywall is not 
greatly at variance with our observations. In exploring the exudate issuing 
from the vesiculated areas, the sensory hairs of the vesicular groups are touched 
by the workers and soldiers stimulating thereby secretions from the vedcular 
bodywall which is richly innervated by nerve twigs. The interconnections 
between the vesicular groups by the refractory strand of tissue, perhaps help in 
the transmission of the stimulus to a wider zone if any one of the veacular 
groups is stimulated through its sensory hair. It is superflous to point out that 
file hair in the centre of a vesicular group is not hollow and does not conduct the 
secretions as indicated by Holmgren. It is sensory in function. It was not 
reported by Noyes (1930) under fiie peripheral sense organ. 

The cellular lobes representing the glandular elements in the deep exac¬ 
tion system, were known to previous investigators, but their communication 
with the exterior as noted here, was missed by them. Apparently this led to 
mis-interpretation of structures and functions of the organs concerned. Holm¬ 
gren described these glands as the special exudation tissue. He correctly noted 
the character of epithelial-like cells composing the glands and the absence of fat 
droplets in the latter. He was wrong however, as already pointed by Bugnion* 
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in thinking that secretion of these glands passed into the surrounding liquid 
contents of the haeraocoele to be dischaiged to the exterior through hollow 
hairs or trichomes There are no hollow trichomes, and the contention of Bug- 
nion in this respect is correct The latter author also correctly noted the dis¬ 
position of the glands in relation to the spiracles, as well as the passage of 
tracheal-like tubes through the glands which he called “Colonnette*’ or Columnar 
tissue. Unfortimately he did not notice the external openings of these tubes on 
the spixacular regions, and so came to the erroneus conclusion that the exuda¬ 
tion tissue was a kind of gland having an internal secretion which did not pass 
to the exterior. 

With regard to the homology of the exudate glands, the divergent views 
may be summed up as follows : (i) origin of these glands by (ti) direct trans¬ 
formations of fat cells (Holmgren) {b) by conversion of fat cells by agency of 
leucocytes (Feytaud), («) ongin from tracheal gland cells (Bugnion) 

Now if the condition of fat cells in the different phases be reviewed, it is 
found that the fat cells in all excepting the winged sexual and the dealated 
queen, are more or less alike, forming cell syncytium and having vacuoles. 
Their nuclei are prominent. In the winged sexud female, however, abdomen 
is full of large fat droplets but cellular outlines, or the nuclei characteristic of 
the fat are not vkible here. In the physogastric queen, neither the large 
fat droplets of the stage immediately preceding it, nor the fat cells clm- 
racteristtic of the earlier stages, are found In our opinion the fat cells have 
completely broken down in the physcgastric queen and have liquified along 
with d^enerative old tracheal and muscular tissues so as to form the viscous 
and granular liquid or blood filling the haemocoele. The fat cells with their 
contents once having liquified or passing into solution, can not be expected 'to 
rechange into the constituent cells of the exudate glands when we find the 
products of decomposition of the fat cells and the definite exudate glands 
coexisting. Furthermore, reformation of the decomposed fat cells into gland 
cells is not a possibility, the one being mesodermal and the other ectodermal in 
origin. In fact the fat cells do not give rise to the epithelial-like cells compris¬ 
ing the exudate glands as had been correctly pointed out by Bugnion. The 
fatty substances dissolved in the haemocoellc liquid by disintegration of the 
adipose cells, are absorbed evidently for supplying requisite nutritive material 
ne^ed by the multitude of devdqping eggs in the ovarioles. The gradual 
degeneration or adipose and other tissues of the sexual alate pha^ as the physo- 
gastry develops, would account for the infiltration of leucocytes into the degene¬ 
rating tissues. This might have led Feytaud to wrongly infer the transformation 
of fat ceils into the special exudation tissue by the agency of leucocytes. Our 
observations thus discredit the view of origin of the special exudation tissue 
from the fat cells either directly or indirectly through the agency of leucocytes. 
The latter were concerned in histolysis and removal of cell debris. Again, we 
differ from Bugnion with regard to the homology of the exudate glands. The 
cells composing the exudate glands are derived from the h)Tpodermal layer, and 
as such at the initial stage of formation and differentiation, these are found 
attached to the inner surface of the chitinous intima when the latter is pushed 
in by the ectodermal invagination at the spiracular regions. The depressed areas 
of the bodywall form the spiracular pits. The invaginated ectoderm gives origin 
to the lining intima of the ducts, and to the cells of the exudate glands. This 
mode of origin of the exudate glands and their ducts, explains the anatomical 
continuity observed in the physogastric queen, between the hypodermal cells 
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lining the bodywall, the cellular coating of the ducts and the lobes of the 
exudate glands. 

Since no moulting occurs in the queen, the remarkable post-adult growth 
of the abdomen leading to physogastry, could be possible by the shedding of the 
endocuticie and muscular insertions of the old bodywall, into the interior of the 
body cavity, as new growth material is added, demanding new muscular inser¬ 
tions. The endocuticie together with the subjacent hypodermal cells and mus¬ 
cular attachments thereon becomes detach^ from the integument and passes 
into the interior of the body cavity. The detached intima disintegrated there 
while the hypodermal cells associated with the intima, retain their activity, 
multiply and migrate inward. It is for this reason that often we find in sections 
of the abdomen, a disintegrating cuticular intima appearing within the body- 
cavity in the form of a broad non-cellular band of tissue, non-stainable by the 
reagents used by us, and a block of epithelial-like cells attached to this band 
and sinking in toward the centre of the abdomen. These cells migrating inward, 
proliferate, and thus add to the mass of exudate glands as growth process. The 
detached intima subjected to the disintegrating influence of blood is decomposed. 
With the dissolution of the intima the leucocytes wander away, while the 
ingrowing ectodermal cells, rapidly multiply, wrap themselves round the ducts 
and their finer branches. This process reinforces the constituent cells of the 
exudate glands already formed by ectodermal invagination in the spiracular re¬ 
gions, and explains the continued expansion or increase in size of the exudate 
glands with the growth of the abdomen in the queen. 

A question now arises whether the deep exudate glands which are arranged 
in the interior of the abdomen as cellular lobes bath^ in the haemocoelic fluid 
are to be looked upon as secretory or excretory in function. Since we find the 
malpighian tubules iu the physogastric queen to be wholly different from those 
of other phases and their histological structure is suggestive of secretory rather 
than excretory function, we consider that the exudate glands extract nitrogenous 
waste or decomposed products from the blood. The exudate formed by the 
activity of these glands and finally discharged to the exterior through trachea¬ 
like ducts opening on the spirades, should be r^arded therefore as the excretory 
product of the b^y. The heterogenous nature of this exudate holding in sus¬ 
pension crystal-like brown spheres or granules also points to such conclusions. 
The licking of excretory products is also in keeping with the general habit of 
termites which feed on proctodeal food or ejected matter. 

The structure of the duct composed of ecto-and endo-tracheal layers with 
^iral thickenings and the mode of development, suggest that the ducts are 
homologous with the tracheae, and the ducteoles to tracheoles. The component 
cells of the exudate glands penetrated by ducteoles can on that ground be homo- 
logised with the tradieal end-cells. Since both the ducts and the few tracheae 
persisting in the queen similarly open on the spiracular pits though by distinct 
apertures, we regard the ducts as the tracheae which have switch^ on to a 
newer function made possible by reversal of tropism and development of a large 
surface of integument for supplementing respiration in a humid atmosphere. The 
rise of liquid column in the finer tracheal branddes shown by Wigglesworth (i939) 
is significant from the point of view of turning of the tra^eal tub^ to conduc¬ 
tion of an excretory liquid as the osmotic tension the body fluid rises and 
waste products accumulate in the body cavity. It is renaarkable that the 
abundant tracheal branches penetrating the ovarioles of the sexually mature 

‘‘Indian J. But., 4 C2f 



196 


Durgadas Mukerji and Sambhunath Raychaudhuri 


winged females and the longitudinal tracheal trunks of the winged forms, have 
greatly disappeared in the physogastric queen. Could the change in the respira¬ 
tory system as remarked by the senior author (Mukerji, 1942) be due to altera¬ 
tion of blood induced by the special mode of nutrition of the queen which unlike 
other phases or castes exclusively depends upon the stomodeal food given to her 
by the workers and soldiers, or could it be due to the slowing down of the rate 
of oxidation of the tissues as the sexual forms after dealation, take to a passive 
life under moist earth ? At any rate the queen shut up as a prisoner within 
the narrow confines of the moist chamber, by contrast with the sexual alate 
forms which are fliers and are attracted to light, leads a passive and inactive life 
which does not call forth high oxidation of tissues. 

The cuticle of the v/ide intersegmental zones, on the dorsal and ventral 
aspects, is exceedingly thin and membraneous and so well suited for supplement¬ 
ing respiration in a humid atmosphere as the old tracheal system disappears or 
switches on to some other function. We do not, however, consider the ducts of 
the exudate glands as remnants of the old tracheal system but are new formations 
which are not concerned with respiration but conveyance of the exudate from 
the glands placed within the interior of the abdominal cavity to the exterior 

The difference in structure between the spiracles of the winged sexual phase 
and the mature queen support such a view. In the alate f^rms all the spiracles 
are small circular apertures, whereas in the queen, all the spiracles except the 
first abdominal are large cup-like depressions or pits in the bodywall and occupy 
a different position in relation to the body. Their floor and side walls are pierced 
by numerous circular apertures representing external openings o^* the ducts, while 
the mouth of the spiracles is an elliptic slit. They are new formations and seem 
to be intermediate between the simple and a triate type of spiracles mentioned 
by Snodgrass (1935) ; we have indicated them in this paper as spiracular pits; the 
exudate after being discharged, first collects within these pits, and the workers 
coi^?:^te there to lick the greasy fluid. 

The gradual passing into solution of the endocutide, old muscular fibres 
attached to the bodywall as well as of the tracheal system of the alate forms, 
increases the volume of the haemocoelic liquid which therefore tensely fills the 
abdominal bodycavity. The workers and soldiers as they lick the exudates from 
the particular areas of the body or bite the bodywall in search of the fluid, 
stimulate the hypodermal cells which proliferate rapidlv and lay down new 
^tide. The bodywall becomes infolded at the centres of growth as the fresh 
integument is laid by the activity of the hypodermal cells. By the pressure of 
the haemocoelic fluid which gains in volume owing to the liquefaction of old 
tissues within the abdomen, the fold smooth out leading to the increase of the 
inters^mental membranes and hence of the bodywall. 

Assuming that Holmgren was right in thinking that exudation was given 
out by all the members of a termite colony, there should be a quantitative and a 
qualitative difference in exudation between the queen and the rest since the 
secretory vesides and the exudate glands do not occur in any other phases except 
the queen. The workers and soldiers are drawn to the queen in her solitary' 
chamber by chemotropic action of the exudates and an association is formed for 
the mutual benefit. Holmgren's view that more the queen is fed more exudates 
she gives out, appeals to us. The copious flow of exudates encourages the 
workers to lavishly feed the queen. The enlarged alimentary canal of the queen 
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as compared to other phases, also point to such a conclusion. The mid-gut of 
the queen contains abundant ‘nest cells' by the rapid multiplication of which the 
mid-gut increases in size. 

The development of the e:sudate glands and the growth of the abdominal 
wall and the ovarioles in the queen seem to go pari^passu. It is however, difficult 
to say in what particular way, exudation influences the growth of the ovarioles. 
Could it be possible the other way, namely, the growing ovarioles after dealation 
inducing the changes leading to the remarkable post-adult growth of the queen ? 
This seems plausible because the dealated male accompanying the queen and 
sharing similar conditions of life, does not show such a high rate of growth. 

Since the workers feed the queen likewise the other castes, the grooming 
habit being common, and there occurs occasionally more than one queen in a 
nest of this particular species, Holmgren's views of selective feeding and inhibi¬ 
tion of sex. on that ground, hardly seems tenable. It should, however, be 
remembered that the diet of the queen is different from that of the rest in as 
much as the workers and soldiers take fungus and cellulose as food in addition 
to the stomodeal food. What one can say is that the queen gets adequate 
nutrition during the egg-laying period in exchange for her exudates, and her 
attendants in licking the exuc^tes or biting her body wall to get at the fluid 
substance, impart the necessary stimulus to growth leading to physogastry. 

Conclusions: 

1. The exudates issue through the special areas of the bodywall, viz, secretory 

vesicles and spiracular pits. They are special features of the physogas- 
tric queen. 

2. The vesicles occur in groups on the sides of the external bodywall. They 

are glandular and sensory in function. 

3. The vesicular groups are connected with one another by refractory 

strands of tissue so that any one of them act as the focal point of a 
stimulus. 

4. The exudate glands correspond to the special exudation tissue of Holmgren, 

and are made of cellular lobes ecl^ermal in origin occuring in abun¬ 
dance within the haemocoele and distinct from other excretory organs. 

5. These glands eliminate a greasy fluid or exudate which is an excretory 

product of the body. 

6. This exudate is conducted to the exterior through ducts which are tracheal 

in origin. 

7. The ducts open to the exterior by distinct circular apertures within the 

spiracular pits. 

8. The spiracular pits are homolo^us to spujacfes but are secondary forma¬ 

tions. The exudate collects within the pits. 

9. Longitudinal tracheal trunks and tracheal connecrions of ovarioles of the 

alate phase are wanting, as a result of adaptation to a passive life under 
the moist ground. The adaptive changes axe remarkable since these 
occur daring the life time of the same individual and are hereditarily 
fixed. 
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10. Respiration is supplemented by intersegmental membranes, 

11. Fat cells have nothing to do with the origin of the exudate glands; they 

degenerate and pass into solution and thereby supply nutritive material 
to the developing egg cells. 

12. !Large tracheal connections and old muscular fibres attached to the body- 

wall also degenrate and pass into solution of haemocoelic liquid or 
blood. They make room for growing ovarioles and the enlarged alimen¬ 
tary canal. 

13. The passing of the disintegrating tissues into solution along with the 

special mode of nutrition of the queen alters the composition of blood 
and influences the development of the exudation system. It al^ 
increases the volume of blood which tensly fills the body cavity and this 
tension reacts on the growth of the bodywall. 

14. The workers and soldiers congregate on the bodywall of the queen in search 

of the exudates. In licking the exudates the attendants stimulate the 
proliferation of hypodermal cells which add new cuticle. 

15. Expansion of the bodywall and development of the exudate glands go 

together. 

Rbiterekces 

Bngniocu B.. et PopoiX, N., 191*% "Stem. Soe* ZooL Fr,, 25 : 210-231. 

Bscherich, R., 1911. J3to/. 3^ • 44rfil. 

Feytaad. J., 1912. Arch» Anai, X 3 : 481-607. 

Hegh, £., 1922, Les Tennites, Brussels. 

Holmgren, N., 1909, K. svmska VeL Akad, BdndX., 44 : ( 8 ): 1-126. 

Kofoid, 0. A., and others. 1934, Termites and termite control. XJmv, CaXif* Press, 
Mukerji. D.. 1933. ZooL^ Anx^^ Z<K: 97-105. 

1942, Proc, Indian Set, Congr., (2), Presidential Address. 

Noyes, B.. 1930, Unw, CcUif, Pubn, ZooL, 33 : 269-286. 

Richards, A. and Anderson, 1942, J. Morph,, 71 :185-171. 

Snodgrass, R. £., 1 ^, Principles of Insect Morphology, New York. 

Synder, T. E., 1935, Our enemy the Termite, New York. 

Wheeler, W. M., 1928. The social Insects. New York. 

Wigglesworth, Y, B. 1939, Principles of Insect Physiology, Lond. 



Structure of Termes redemanni Wasntann 

Explanations op Plates. 


199 


PLATE I. 

Fig. 1.—Whole mount of a portion of the lateral abdominal bodywall in the phvso- 
fi^tric queen showing groups of secretory vesicles (i?ll connected by refractory strands 
(rM,) after treatment with KOH X 41. 

Pig. 2.—Transverse section through a secretory vesicle in the queen showing the 
secretory cells {hy,e.\ fibrous bundle {fb,), leucocytes (f.) and exudate glands {ejcyD X 280. 

Fig. 3.—Transverse section through the cuticle in the intersegraental zone in the 
abdomen 'of the queen showing the exocutlcle {ex* cu.)* endocnticle {en* eu.\ hypodermal 
cells (%.<?.). and basement membrane (A/w.) X 280. 

Pig. 4.~'Tranverse section through the integument {en. eu,)* of the queen showing 
the refractory strand of tissue {str.) and muscles (»»,) X 250. 

Pig. 5.—Transverse section throilgh the abdomen of the winged adult female showing 
the mass of trachea (<r.) running through the ovarioles {op.) and oviduct {oef,) X 180. 


PLATE U. 

Fig. 6.—Longitudinal section through the spiracular region of the queen showing 
the openings of the duets of the exudate glands {d ex.gL) into the spiracular pit {sjp*). 
Other letterings as in previons figures X 47. 

Pig. 7.—Transverse section through the abdomen of the queen showing gran^ar 
liquid within the lumen of the ducts Other lettering as m previous figures X ISO. 

Pig. 8.—Transverse section through the abdomen of the queen showing the stmctare 
of exad^kte glands (cx^/.) in the centre of the body X 280. 

Pig. 9.—The same as in figure 8, highly magnified to shoTv the component cells of 
the glands, («t.) nucleus, letters as in previous filgores X 1120. 


PLATE m. 

Fig. 10.—Transverse section to show the fat cells (/I) and cuticle (cu.) in the 
king X 280. 

Pig. 11.—Tiransverse section through the abdomen of the adult winged female show¬ 
ing trachea (^r.) inside, ingrowth of chitinous intima {ck, in.) from the invaginated cuticle 
and fat cells (/*.) filling the haemocoele X 280. 

Fig. 12.—Transverse section to show the fat cells (/’.) in sexual nymph with wmg- 
pads X 280. 

Pig. 13.~Tran8verse section to show the fat cells (f.) in adult worker X 280. 

Pig. 14.—Transverse section to show the fat cells (/*.) in larva X 280. 
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BIOLOGICAL NOTES ON THE BUTTERFLIES OF DELHI 
Part I. Papilionidae and Pieridae 
By Arjan Singh Jandu 

Imperial Agricultural Research Institute, New Delhi 
Introduction 

Butterflies have been from time immemorial the object of natural history 
study. Their habits in natural sorroundings have been neglected in some parts 
of the world especially India. There is a considerable amount of information on 
Indian butterflies of hills as well as of the plains but so far no serious attempt has 
been made to study the butterfly fauna of Delhi. In 1903, Longstaff, in his 
'Butterfly Hunting in Many Lands* recorded about a score of species from Delhi 

The present paper is based on an extensive field study of Delhi and. its 
environs (over ten miles radius) during 1941-1942. The material comprises sixty 
two species, representing 34 genera of the families Papilionidae, Pteridae, 
Nymphalidae, Danaidae, Satyridae, Lycaenidae and Hesperidae. 

I take this opportunity of expressing my deep sense of gratitude to Dr. Hem 
Singh Pruthi, Imperial Entomologist, for facilities for work and for constant 
encouragement. My thanks are also due to Messrs. Mohan Singh and M. S. 
Mani, for the valuable suggestions and help from time to time. Lastly,! am 
gmteful to Mr. G. D. Bhasin, Asst, to the Forest Entomologist, Dehra Dun, for 
his valuable criticism of the paper. 

Technique of Coliectino Butterfi^ 

Butterflies, like Papilio and CatopsUia spp., having swift, groping and 
jerky flights are snccessfully captured by a net 12 to 18 inches in diameter, 
having a handle about 4^ feet long. Others, like Danais and some Pierids 
having weak, hesitating and short flights can easily be caught with a small hand* 
At even after they have been disturbed. Satyrids and Lycaenids which 
generally remain on low vegetation can best be collected by quickly placing 
net over them from a distance. Members of Papilio, Colotis, Eurema, Ixias, 
Danais, and Ergdis are easily captured while in cop^tion. Butterflies, like 
Atdla phalanta and Colotis fausta, can be collected with hand by the edge of 
the folded wings while engaged in sipping nectar from their favourite flowers. 

During winter, 10 a.m. to 3 p.m., is the best period for butterfly colkcting 
as most of them are rarely seen on wii^ early in the morning and late in the 
evening. During summer, morning hours are the best, though some species, 
like those of CoMs, Eurema, Danais, and Ixias etc., remain active up till 
afternoon. 

In order to prevent butterflies from rubbing off their scales, the usnal 
method oi pinching the nnderside of thorax with a light pressure between the 
thumb and the index finger had been found to be the best. 
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Family PAPILIONIDAB Uach. 

Polydonis aristoloehiae aristoioebiae (Fabricius). 

1775. Papilio anftfoiothiae Pabricios, Spixf Enf,, p. 443 

1939 Polydoptis afistoloekiae aristoloehiae. Talbot Fauna Bnt, India^ (2nd ed ) 1 :86, 
fig. 15 

Common name. —This butterfly is commonly known as the *red-bodied 
swallow-tail 

Distribution. —It is very widely distributed and has been recorded from 
Ceylon, India. Burma, Thailand (Siam), China, Malacca, Java and the Philip¬ 
pines. In India it has so far been recorded from several localities in the north¬ 
west, west and the south; it is also found in Assam and Sikkim. It is usually seen 
fl3ning during December, January, April and May in the Kumaon Terais. At 
low elevations in the Palni Hills it flies during May and Jime and from August 
to October. At Delhi it has been collected fcSth during autumn and spri^ i.e. 
from August to November and from March to May; it is more abundant in the 
latter season. 

Larval food-plants. —Caterpillars ieed mostly on leaves of the wild twiner 
Aristolochia indica and also on other plants like Lagenaria vulgaris and Luffa 
aegyptiaca. 

Early stages and habits. —Eggs are usually deposited on the under surface 
of leaves. The full-grown larva, is uniformally yellowish-red and feeds on 
leaves and in the absence of leaves on green fruits also. Pupation takes place 
on the food-plant, head directed upward by a cremaster and a girdle endrding 
the thorax and wing cases. The pupa is generally brown in colour. 

The total life-cyde, as a rule, occupies about a month and a half. 
Hibernation generally takes place in pupal stage, which varies from lo—363 
days. The butterfly has one to five generations in a year. 

Undisturbed and unalarmed, the butterfly flies slow, fluttering upon flowers 
and sailii^ over trees The flight is then direct, long and for a considerable 
time remains almost paralld to the ground. When indulging in courtship, the 
butterfly rises about 20 feet high and sometimes even more. Two to three males 
follow a single female which repulsed them by quick darts. After long flights 
the butterfly rests with its wings spread out and on rainy days under the 
protection of leaves. Adults are fond of sipping nectar from flowers of Lantana 
indica, Jatrapha panduraefolia, T^etes erecta, Ageratum conyzoides and Punica 
granatum. Freshly emer^d specimens emit a very unpleasant odour from 
their bodies, probably for the purpose of repelling enemies. 

Fapiiio polytes romalns Cramer 

1775. Papilio romtdtts Cramer, Pap. Exoi., x: 67. pi, 43, fig. A. 

1939. Papilio polytes romulus, Talbot, Fauna Brit, btdia. (2nd ed.) 1:178, 
fig. 46 

Common name. —This butterfly is commonly known as the 'Common 
mermou'. 

Distribution. — It is known from Burma, Ceylon, Andamans, Nicobars, 
Thailand (Siam) and Malayan sub-region to Sumatra. In India it has been 
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recorded to occur throughout the plains. At Delhi the butterfly has been 
collected from February to May and August to November, but is common 
during October. 

Larval Caterpillars generally feed on leaves of Zanthoxylum 

robusta, Glycosmis pentaphyUa, Citrus medica. Citrus decuntana. At Pusa, it 
has been reared on Murraya koenigu 

Early stages and habits —Eggs are usually laid during day, singly on leaves 
or on tender leaf stalks. The larva feeds on leaves. Pupation takes place as 
in the foregoing species. 

The butterfly is a fairly strong flier. In its general habits it resembles the 
preceding species. Males are generally found darting across paths and shady 
places. Female butterflies are found less active and few in number. Adults 
are generally observed sipping nectar from flowers of fatropha panduraefolia, 
Boerhaavia repanda, Ageratum conyzoides and Carissa carandus. 

Papilio demoleus demolens (Linnaeus) 

1758. Papilio demoleiis IjumAEUs, Systema Naiurae ( 10 ): 484. 

1989. Papilio demoleus demoleus Talbot. Ftruna Brit, India, ( 2 i 3 d ed.) l: 189. fig. 50. 

Common Name.—'Lins butterfly is commonly known as the 'lime or lemon 
butterfly'. In Godavari and Kistna districts of South India the caterpillars of 
this species are named as *nima aku purungu\ 

Distribution. —^This butterfly has been recorded from Ceylon, Upper Burma 
( upto a moderate elevation ), Persia, Arabia, China and Formosa. In India it 
has been recorded almost throughout the year. At Peshawar the butterfly is 
found occasionally during March, June and July. At Bannu ( N.W.F.P.) it is 
common from July to November. At Delhi the butterfly has been^ found 
throughout the year except January. It is rare during winter but abundant both 
during spring and autumn. 

Larval food-plants.—'Lh& larvae generally feed on leaves of Trickcdesma 
indicum, Feronia elephanium, Glycosmis pentaphyUa, Zizyphus jujuba^ Ruta 
graveolens^ Citrus decumana, CUoroxylon sweitenia, Psoralea corylifolia, Murraya 
koenigi, Citrus spp., (malta, lime, orange) and Aegle marmelos. 

Early stages and Pale-yellow eggs are laid smgly anywhere on leaves 

and shoots Four to twelve eggs may be found on one shoot, and each leaf accord¬ 
ing to the size may have as many as four eggs The young larva on hatching starts 
feeding on tender leaves biting them from edges inwards. It continues feeding 
on leaves throughout its larval stage The fuU-growu larva is generally yellow- 
green. On being disturbed it throws out a pair of red osmateria in the shape of a 
y from behind the head. The larvae are generally destructive to young citrus 
plantation; Pupation takes place on twig, but occasionally on In cold 

places it hibernates as pupa. According to Ghosh (1914) ^ pupae are of three 
different colours, (t) green, (2) yellowish-brown and, (3) dark grey with black 
markings. 

The butterfly completes one life-cyde in 22 to kh days. It has four broods 
in a year, two before, one during and one after the rains 

1 , Ghosh, C. C., Mem. Dept. Agric. India, Ent., Ser.. 5 (i): 1—72 
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The adult is a fast and strong flier, rarely rising lo to 15 feet above the 
ground; somtimes, when flying sportively, it rises even higher. A female, chased 
by a male, generally takes a zig-zag route or hovers over citrus trees or other 
plants which come on its way. When feeding, the butterfly settles for a few 
seconds on the flower and keeps its wings in incessant fluttenng motion. At 
daytime it is rarely found taking rest Adults are fond of sipping nectar from 
flowers of Hibiscus rosasinensts, Hibiscus esculerUus, Euphorbia ^Icherima, Conyza 
ambigua, Lagerstrocmia indtca, Bougainvellea spp., Jairopha panduraefolia, 
Carissa spinarum, Lantana camara, Lantana indica, Zinma Immony and Puntca 
granaiunu 


Family PIERIDAK Duponchel 
Iieptosia nina nina, (Fabricius) 

1781 Papilio nphia Pabricius. Spec Im ,xx: 43. 

1793 Papalio nina Fabbioius, Bnt. Syst. (3) l: 194 (uom. nor. proxiphia, 
pnvecc.) 

1959. lj^i 06 M nina nina TALBOT, Fauna Brit India, (2iid ed.) 1.306 fig. 108. 

Common name, —This butterfly is commonly known as the ‘psyche’ or the 
‘wandering snow-flake’ on account of its appearing sometimes in countless 
numbers. 

Distribution, —It has been recorded from Ceylon, Burma, China, Malya 
and the Andamans. In India it has so far been recorded from the lower ranges 
of the Himalayas from Mussoorie to Sikkim, central, western, southern and 
some parts of eastern India. It is absent in the desert tracts. At Delhi it is 
rare and is available durii^ November only. 

Larval /po<f-^fifs.---Caterpillars feed on leaves of Capparis heyneana and 
Craiaeva rdigiosa. 

Early stages and Eggs are generally laid on the underside of 

cauline leaves. The greyish-green larva feeds on young leaves, generally 
remaining on the under surface but may be found on the upper-side also. The 
pupa is transparent green, often suffused with pink. Pupation takes ptoce on 
the under-sides of leaves. Pupal period lasts for a weds. 

The butterfly is the weakest of the Herid flier, having a slow and irr^;ular 
flight. It never rises above a foot or so from the ground. It is conspicuous 
when flying because of the pure white colour. It rests with wings closed on the 
body keying the fore between the hind wings. When resting in this position 
on underside of a leaf or on a thin upright stem or a stick, the protective 
greenish markings on the under-side of wings make it nearly undetectable. 

Anaphf^ aurota aurota (Fabricius) 

1793. Papilio aurota, FABRICIUS, Fnt Syst, (8) X : 197. 

1939. Anapfteis aurota aurota^ Talbot, Fatma Bnt India, (2nd ed.), 1: 880. 
fig. 140 of. 

Common name, —This butterfly is commonly known as the ‘pioneer’. 

Distribution, —It is found throughout Persia, Arabia to East Africa and a 
straggler has l^n recorded from Great Nicobar. The butterfly is found 
throughout India except Assam. It is common in the Himalayas from Kashmir 
to Sikkim and throughout the plains of southern India. In the Nilgiris it is 
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found upto 8,000 feet. In Bannu (N. W. F. P.) it occurs during April, May, 
November and December. At Mussoorie it is found during May, August and 
September. At Delhi it has been collected from March to May and August to 
December. It is rare during January. 

Larval food-plants.---Tht larvae feed on leaves of Capparis flyrifolia, Cap- 
Paris aphylla, Capparis septaria, Capparis h^neana, Cappatis horrida, Cadaba 
tndica and Maerua arenaria. 

Early stages and habits.—'Eggs are white when fresh, turning orange with 
age. They are laid in batches of 200 or so, on the tender shoots or the under¬ 
sides of young leaves. Caterpillars in earlier stages feed gregariously and 
separately in the grown up stages. The full-grown larva is greenish-ochre. 
Pupation takes place indiscriminately on the upper-side or under-side of a leaf or 
on tree trunk; often in groups. The pupa is generally green with a faint supra- 
spiracular band. It has been observed that the females emerge before the males. 

The butterfly is fairly strong on wings and generally shows partiality to 
open places and sun shine. It does not rise very high and usually rests on the 
ground with wings closed over its back. In dull weather, as usual, it is not 
so active and rests with upper wings drawn between the hind ones. When 
disturbed while busy sucking flowers it takes to a quick flight for a short 
distance. Adults generally sip nectar from flowers of Cajanus cajan and Tri- 
bulus terristris. 


Applas libythea libythea (Pabricius) 

1775. Papilio libythea, Fabricius. Syst KnU , p. 471. 

1939. Appiae libythea libytitea, Talbot, Fauna Brit India ( 2 nd ed.) i. 394, 

fig. UocT %. 

Common name. —^This butterfly is commonly known as the ‘striped alba¬ 
tross . 

Distribution. —It has been recorded from Ceylon. In India it is found in the 
Punjab, United Provinces (Mi'ssoorie), plains of Bengal, Orissa and western and 
southern parts of the country in small numbers. At Bombay it is found during 
April and May. At Delhi it is available during August only. 

Larval food-fllants.—Q^ttTplllsxs feed on leaves of Grata eva religiosa, 
Capparis sefliaria and Capflaris horrida. 

Early stages and habits _Eggs when fresh are pearl white but turn 

orange with age. They are laid singly on young shoots or upper surface of 
leaves. The full-grown larva is light yellowish-green and is phytopfaagus. The 
pupa is light green often with brownish shade. Pupation takes place on leaf 
or branch. 

The butterfly is a strong and quick flier. It flies fairly straight 10 to 15 
feet high, sometimes taking brisk turns and generally rests on high bushes. 
It likes open and sunny places. When at rest, forewings are sometimes drawn 
between the hinder ones. Adults are fond of sipping from the flowers of 
Tfibulus terristris. 

Appias albina darada (C. & R. Felder) 

1865 . Pier is darada, C & R Prldkbu Reise Novara, etc., Lcp. 166 

^Indian J. Ent., 4 (2)’* 
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1939. Appias cdhina doroda. Talbot, Fauna Brit Indict. (2nd ed.) X: 401, fig-. 

147 ^ p. 

Common name, —This butterfly is commonly known as the ^common alba¬ 
tross'. 

DistnbtUion, —It has been recorded from Malacca, Sumatra, Borneo, Java, 
Philippines, Burma, the Andamans and Ceylon. In India the butterfly is found 
in Bengal, the western and southern India, Gujerat, Poona, Kanara, Travancore 
and hflls of Assam. It has been recorded upto 4,000 feet in Sikkim and it is 
common in Coorg. At Delhi the butterfly is rare and is generally found during 
August. 

Larval food-plants and early stages of the butterfly have not been 
investigated. 

The butterfly is seldom found in gardens and places having thick growth 
and shady trees. While in sportive mood it generally rests on the ground and 
when disturbed takes to short fights. 

Catopsilia meale oroeale. (Cramer) 

1775. Papilio erocale Crambb, Pap, ELeot, X: 87, Pl. LV, fig. C. B.($). 

1939. Caiopeilia crocale eroeale Talbot. Fauna Brit. Indta, (2nd ed.) i: 492. 

Common name, —^This butterfly is commonly known as the 'common 
emigrant'. 

Disifihtdion —It has been recorded from Thailand (Siam), China, from 
Malaya to Australia, Ceylon, Burma, the Philippines, Borneo, Sumatra, Java 
and Andaman Islands where it is known to be rare. In India it is one of the 
commonest butterflies except in desert tractsw In places, with heavy rain 
fall, where v^etation is exu^rant, the adults are exceedingly numerous. At 
Delhi the butterfly is abundantly found from August to October, i,e., just 
after the rainy season. It is generally found from February to May and July to 
November. 

L^al /ood-^/flwfs.—CaterpiDars feed on leaves of several leguminous 
plants like Cassia fistula. Cassia tora, Bauhinia racemosa and Buiea frondosa; the 
favourite, however, is Cassia siamea. 

Early siages and habits, —The eggs which are white at first and yellow 
later, are laid singly on fresh shoots or leaves. The full-grown larva is bright 
green with a dark dorsal line and a spiracular broad line suffused with yellow 
on s^ments 2 to 5. It feeds on leaves or tender shoots. When disturbed, it 
jerks itself up and jumps a few inches and also exudes a sfrong-smelling liquid 
from its mouth. The pupa is green with a slight ventral wing buldge tail 
suspension and conical snout. Pupation generally takes place on petiole. 

The butterfly settles in crowds on damp sand or forest paths. It usually 
flies fast taking a straight course, with long up-and-down curves not high from 
the ground; during courtship it rises 20 to 30 feet above the ground. It is 
capable of covering long distances in continuous flight. It generally rests on the 
underside of leaves with the wings closely folded on its back. Adults are fond 
of sipping nectar from flowers of cotton, lucerne, Hibiscus rosasinensis, Carissa 
spinarum, Laniana camara^ Laniana sMowiana, Ramdia sp., Jairopha partdurao- 
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/p/>a. Euphorbia piddierrima, Conyza ambigua, Lagersromia indica, Buddleia 
lindleyana, Bougainvellea spp. and pomegranate. 

Catopsilia pomona (Fabridus) 

1775. Papilin pofrtoiia FABEICI0S. Syst, Ent., p. 479. 

1939. Catopitilia pomona Talbot. Fatma Bfit India^ (2nd «d,), l: 493 

Common name. —This butterfly is commonly known as the 'lemon emigrant'. 

Distribution. —It is known from Ceylon, Burma, Andaman and Nicobar 
Islands, South China to Solomon Islands and Australia It is common through¬ 
out India. At Delhi it is generally seen flying during July and August. 

Larval food-plants. —Caterpillars feed on leaves of Cassia fistula. 

Early stages and habits. —In the mode of ovi position and colour, eggs 
resemble those of the preceding spedes. The full-grown larva is generally 
green having a round head, with dypeus edged with brown. Pupa differs from 
that of the preceding spedes in having dorsal line of thorax, parallel to the body 
axis for two-thirds of its length. 

The butterfly is a quick flier like the preceding species and keeps mostly 
confined to gardens when not migrating in swarms. It has a swooping flight 
and doses its wingp completely between the strokes. Adults are fond of sipping 
nectar from flowers of pom^anate, Lantana camara, Lantana seUowiana, 
Buddleia lindl^ana, Jatropha panduraefolia and Russellia juncea. 

Catopsilia pjranthe pyranthe (Dinnaeus) 

1758. Papilio pyranike LINNAEUS, Sysiema Nainrae. ed. 10 : 469. 

1939. Catopsilia pyranthe pyranthe TALBOT, Fauna Brit. India^ (2nd ed.), 
X; 497, fig. 168 b. $. 

Common name. —^This butterfly is commonly known as the 'mottled 
emigrant'. 

Distribution. —It is known from Burma, China, in the east as far as Australia 
southwards, Ceylon, Thailand (Siam), Annam, Malaya Peninsula, Sumatra, 
Java, Borneo, Formosa, Hainan and Andamans. It is found almost all over 
India, and has so far been recorded above 7,000 feet high from sea level. It is 
found at Mussoorie, Peshawar and Kumaon from June to October. At Delhi 
it is found throughout the year and is one of the commonest of butterflies. It is 
very active during September and October after rainy season. 

Larval Caterpillars feed on leaves of almost all spedes of 

Cassia, espedally Cassia ocdderUalis, Cassia fistula. Cassia ophora var. purpurea. 
Cassia tora. Cassia auriculaia, Cassia longifdia, and Seshania aegyptiaca. It has 
been reared at Pusa on Seshania flowers. 

Early stages and habits .—^The pinkish-white spindle-shaped eggs are laid 
singly on tender shoots. The larvae are very much like those of crocale. The 
pupa is dark green, lighter on the ventral side. During June and September 
life-cyde is completed in about twenty days. 

Adult of Catopsilia pyranthe is usually smaller in size than that of C. 
ctocdU and occurs abundantly in forested and cultivated regions both on hills 

“Indian J. Ent., 4 (2f 
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and plains. It is common in gardens also. It is more brisk and a powerful flier 
than other CatopsiUa spp. It is also relatively active during sunny weather 
covering long distances in a single flight. It usually flies straight but sometimes 
in an undulating manner also. The adults are found sipping nectar from flowers 
of Medicago sattva, Punica granatum, Lantana indica, Boerhaavia repanda, 
AJMilon indicum, Tagetes ertcta, Cajanus cajan, Seshania $p. and Momordica 
charatUia, As a rule, it is not a pest, but in larval stage it may feed and 
damage Seshania and Cassia spp. 

Eurema brigitta rubella (Wallace) 

1867. Terias rubella WALLACE, Tran, ent. Soc. London, (3). 4, (8): 823. 

1939. EuYetna bnqitta rubella TaLBOT, Fauna Brit, India, (2ud ed.) i: 515 
fig. 171. e . 

Common numd,—This butterfly is commonly known as the 'small grass 
yellow*. 

Distribution,-—It is known from Ceylon, Burma, and Nicobar Islands 
extending to south Chma. It is common all over India, in plains as well as in 
Kumaon hills (4,000 feet high) and in the Himalayas fium Kangra and Simla 
to Bhutan. At Mussoorie it is common during May, June and from August to 
October. It is common in Kanara during dry weather. At Delhi the butterfly 
is seen flying during April and it is quite common from September to November. 

Larval food-plants, —Caterpillars feed on leaves of Cassia kleinii. 

Early stages and habits. —Eggs are laid singly on the upper side of leaves 
and often on young leaf buds. The grass-green larva usually feeds on the 
upper-side of leaves. The pupa is usually green with a white spiracular band, 
and pink and wrinkled snout. 

The butterfly is weak in flight which is of the usual type but not conti¬ 
nuous. It usually flies close to the ground over low bushes and rests amongst 
vegetation growing underneath plants. Adults are found sipping nectar from 
flowers of prostrate and low growing plants like vetches. 

Eurema laeta laeta (Boisduval) 

1836. Terias laeta Boisduval, Sped. Oen. Ijep. 1: 674. 

1939. Eurema laeta laeta Talbot, Fauna Brtt. India, (2nd ed.) i. 517, fig. 172. 

Common name, —^This butterfly is commonly known as the 'spotless grass 
yellow*. 

Distribution. —This butterfly is known from Ceylon and Burma. In India 
it is common in the Himalayas from the borders of Afghanistan to Bhutan, 
throughout the Punjab, Ahmadn^ar, Karachi, Poona, Bombay in the west, 
Nilgiri and Anamalai hills in the sou^ and in Assam. At Delhi it is usually 
found during May and September and October but is not a common butterfly. 

Larval food-plants and early stages have not been investigated. 

The butterfly is weak in flight and does not flatter its wings as much as 
other species of the genus. It neither flies high and nor over long distances. 
It, rather, keeps to places having thick growth, grass or weeds being amongst 
the favourite ones. It doses its wings over its back immediately it settles, their 
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colour blending with the surroundings and rendering its detection difficult. The 
adults are generally found sipping nectar from flowers of Ttibulus terrisiris and 
Boerhaavia repanda. 

Seasonal dimorphim is so strongly marked that the two forms laeta and 
venata were considered to be distinct species until Mosse (1931)® proved them to 
be conspecific. 


Barema haeabe eontubemalis (Moore) 

1886. Terias coniuhemalis MoOEE. J. Linn, Soc London {ZooL) ai: 46. 

1939. Eurema hacabe cmtuhemalis Talbot, Fauna Brit, India, (2nd Ed.) 1:527. 
fig. 177. 

Common name. —This butterfly is commonly known as the 'common grass 
yellow'. 

Distribution. —It is known from Thailand (Siam), China, Malayan sub-region 
and to the west into parts of the Ethopian region; Burma and Ceylon. It is 
very common throughout India. At Delhi it is met with throughout the year, 
common from July to October, and rare during December and January. 

Larval food-fllants. —Caterpillars feed on leaves of various species of 
Sesbania and Cassia. It has b^n recorded feeding commonly on Sesbania sp. 
at Poona and Duars; in Coimbatore and Cuttack on 5 . aegyptiaca; in Pusa on Cassia 
tora; in Rangpur on Sesbania actdeata; other plants are Albizzia, sp., Wagatea, sp., 
Acacia, sp., Caesalpinia oriaria, Pithecolobium dulce, Trigonella foenumgraecum. 

Early stages and habits. —Spindle-shaped ^s are laid singly on the upper-side 
of leaves. When fresh the eggs are white but turn yellow with age. The full- 
grown larva is dark green and lateraDy glaucous. Pupation takes place on the 
plant. There are at least four broodb in a year, but there may be as many as 
twelve under favourable conditions. 

The butterfly remains on wing for a considerably long time, sometimes 
rising about 20 feet high. It is a tetter and stronger flier than other species of 
the genus. In gardens it likes open and sunny places. It frequents damp places 
during hot months of the year. It is equally abundant in extensive shady 
forests in hills and in open hot plains. Copulation takes place for over an hour, 
durmg which time the male is an inactive partner and when disturbed it is 
carried by female in stiu sheltering amongst leaves of low-growing plants. It 
goes freely to sip nectar from the flowers of Tribulus terrisiris, Boerhaavia repfl/nda, 
Jatfopha panduraefolia, Carissa spinarum, Lantana indica, Euphorbia geniculaia 
and Gomphrema globosa. 

Collas electo fieMi Menetries 

1856. Colias fieldi MENETEIES, Enum. Corp. Anint. Mus. Petr., i: 79 pi. 

1, fiig. 6^ 

1939. Q)Ha$ electo fieldi TALBOT, Foitma Brit, India, (2nd ed.), i: 662. 

Common name. —This butterfly is commonly known as the 'dark clouded 
yellow'. 

Disiribution. —It is known from Upper Burma and China. In India it is 
found in the Himalayas from Chitral to Sikkim and Bhutan at a level of 


2. Mosse, A. H. E., I. Bombay Nat. Hist. Soc., 34 :1094—5. 

^'Indian J. Ent,, 4 (2)” 



2X0 


Arjan Singh Jandu 


2»5oo to 14,000 feet extending upto Assam. It is common in Baluchistan, 
Chitral, Kumaon, North Punjab and rare in the United Provinces. At Delhi 
the butterfly is rarely found during November and December. 

Larval food-plants and early stages are not known. 

The adult is a fairly quick flier and ncrally flies in open fields. When 
at rest usually it keeps its wings spread over the body in V shape. Due to 
its rarity, other habits of the butterfly have not been studied 

Ixias marianne (Cramer) 

1779. Papiho marianne CEAMER, Pap. Exoi . 3: 41, pi 217 figs C, D. , E. ^ 
1939. Ixias marumne TALBOT, Fauna Bnt India, (‘hiu a > / 440, fig. 155 % 

Common name —This butterfly is commonly known as the 'wnite orange tip*. 

Distribution, —It occurs in Ceylon; in India it is common in Mahableshwar, 
the Punjab and Kumaon, N. W. Himalayas, Bengal and Central India. At 
Delhi the butterfly is very common throughout the year but less so during 
December and January. 

Larval food-plants. —Caterpillars feed on leaves of Capparis sepiaria, Cap- 
parts divaricata, Capparis apkylla and Capparis grandis. 

Early stages and habits —E^s are laid singly on leaves, sometimes on 
thorns as well. They are, when fresh, light yellow and attain flesh-colour 
with age and are bottle-shaped with a very short neck. The larva which is 
grass-green generally feeds on the upper-side of leaves. The pupa is green, 
marked with dark reddish-brown. Pupation takes place on the under surface 
of leaf or its stalk. 

The adult likes open places and is generally found in large numbers about 
Carissa spinarutn and Capparis sepiaria, when in flowers. It is quick in its 
movements and performs short flights 10 to 15 yards long and about 15 feet 
high but not in a straight line. Before resting on flowers, adult reconnoiters 
the plant thoroughly well. It evades capture even if it may have to pass 
through thorny plants and bushes. Males are found more in number than 
females. Copulation generally takes place during rainy season i.e,, July and 
August. The butterfly is fond of visiting flowers of Petunia violacea, Heliotro- 
pium undulaium, Capparis aphylla, Capparis sepiaria, Carissa spinarum, Cosmea 
klondyke, Boerhaavia repandu, Tagetes erecta, Lantana indica, Zizyphus spp. 
and cotton. 


l3das pyrene kausala Moore 

1S77 Ixias kausala Moobb, Ann. Man. Nat. Hist. ( 4 ), 20, 49. 

1939. Lcias pyrene kausala Talbot, fauna Bnt. India, (2nfi ed) 1. 446. 

Common name.—This butterfly is commonly known as the 'yellow tip*. 

Distribution.—It is known from China and the Malayan sub-region. It is 
common throughout India except the desert regions. At Miramshah (Tochi 
Valley) the butterfly is common from February to April and also during 
September. At Peshawar it is found in April. At Delhi it is found throughout 
the year, except during December and January. 
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Larval food-plants —Caterpillars feed on leaves of Capparis sepiaria. 

Early stages and habits, —Eggs when fresh are pearl-white and shiny and 
attain pale cream colour, with pink blotches and spots with age. The full grown 
larva is generally of dark grass-green. The pupa is light green. Pupation takes 
place in a secluded place where the pupa cannot be easily seen. 

The butterfly is a swift flier and generally sports in the sun, and is found 
hovering over green vegetation, rarely rising above 10 to 15 feet above from the 
ground. It flies more or less in a straight line and rests on leaves of bushes and 
trees after long intervals. When resting on a half withered leaf of Adhatoda vasica 
it is diflicult to detect its presence due to the blending of its colour with that of 
the leaf. In the evening or dull weather it retires to places low down among 
leaves in the thickets, which characterise its haunts. It is reported to 
manifest a particular liking for surroundings where prickly pear [Opuniia dillenii) 
abounds. It is fond of sipping nectar from flowers of Lantana indica, Zizyphus 
numularia, Gomphrena globosa, Boerhaavia repanda, Abutilon indicum, Tagetes 
erecta and Punica granatum. Pi^le (1937) ^ observed it on Chrysanthemum and 
wall flowers. 


Colotis ealais amata (Fabricius) 

1775. Papilio amata FABBICIUS, Bysi. Ent ,jp. 476. 

1939. Colotis Calais amata Talbot, Fauna Brit, India, (2iid ed.) i: 454, fig. 158. 

Common name, —This butterfly is commonly known as the ‘small salmon 

arab'. 

Disirihdion. —It is known from Ceylon, Aden, Arabia, Persia, Syria, 
Madgascar and Tropical Africa. In India it is found in Bombay, Sind, Baluchis¬ 
tan, the United Provinces and the Punjab. At Delhi it is available throughout 
the year except January and December; it is, however, common from June to 
October. 

Larval Caterpillars feed on leaves of Salvador a persica, 

Salvadora oleoides and Azima tetracantha. 

Early stages and habits, —Eggs generally laid in batches of 50 to 60, are 
white when fresh and yellow later. The full-grown larvae are generally bright 
grass-green and feed gregariously first on the epidermis and gradually on the 
entire leaf. The pupa is generally green. 

The adult is not a strong flier. It keeps always near the ground though 
sometimes male adult rises to the tops of the food-plants in search of the female. 
It flies with quick fluttering of wings generally straight and parallel to the 
ground. On being disturb^ it usually goes under thick bushes. Like other 
species of the genus it likes open places but prefers spots where Boer^ayia 
repanda grows in abundance. It is fond of visiting flowers of Lantana indica, 
Boerhaavia repanda, Gomphrena globosa and Tagetes erecta, 

ColoUs vestalls vestalis (Butler) 

1876. Teracolm vesialis BUTLER, Proc, %ool, Sor, London, p. 135, pi. 7, fig. 10 % 

1939, Colotis restalis vestnlis Talbot, Fauna Brii, India, t2nd ed.), i; 467, fig. 

169. 
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Common name.—'This butterfly is commonly known as the ‘white arab'. 

Distribution. —It is known from round about the Persian Gulf. In India 
it is found in Baluchistan, the Punjab, western India, Cutch, Rajputana, Sind, 
the Central and United Provinces. During April and from July to November 
it is found in arid regions like Mary-Indus and Tochi valley. At Ajmer it is 
found during August and September. At Delhi it is available throughout the 
year except during extreme cold months i.e , December and January while dur¬ 
ing September and October it is very common. 

Larval food’plants —Caterpillars feed on leaves of Salvadora persica. 

Early stages and habits Eggs, laid singly generally on old leaves near the 
base of the plant, are white when fre^ and turn yellowish with age. The larvae 
are not gregarious in habits like those of Colotis amata. The body of the 
full-grown larva is generally grass-green The colour of the pupa is pinkish. 
Pupation takes place on the surface of leaves. 

The adult butterfly resembles the preceding species in general habits and 
flights. It generally takes shelter under the lower part of thorny bushes. It 
usually remains in simny places along the hedges of gardens but revels on hot 
days. It is fond of visiting and sucking flowers of Cappatis aphyUa, Boerhaavia 
repanda, Tagetes erecta and Tribtdus terristris. 

Colotis fausta fausta (Olivier) 

ISpi. PapUio fausta OLIVIEB, Voy. VBmp. 0/A., Atlas, pi. 33, figs 4a & 4b. 

1939. (klotis fausta fausta Talbot, Fauna Brit. India, (•2nd. ed ), I s 461. 

Common name. —^This butterfly is commonly known as the ‘large salmon axab'. 

Distribution. —^It is known from Ceylon, Asia Minor, Persia, Egypt, South 
Arabia, Afganistan. In India it is commonly found in Baluchistan, N.W.F. 
Province, Sind, the Punjab, Rajputana and South India. In Tochi valley it is 
found from October to Dumber. At Delhi the butterfly is commonly found 
from February to March and August to November. It generally abounds in dry 
and hilly places like the Viceroy's reserve forest. 

Larval food-plants, —^The larvae feed on leaves of Maerua arenaria. 

Early stages and habits, —Eggs are bottle-shaped and white when fresh and 
turn yellowish with age. They are laid singly, indiscriminately both on upper 
and lower surfaces of leaves and in quick succession. The full-grown larva is 
generally rich green and blends well with the colour of leaves, thereby becoming 
difficult of detection. The pupa is usually of livid bone-colour and sometimes 
bright green. 

The butterfly likes sunny, stony and open places where Capparis aphyUa 
grows in abundance. It does not exist in damp places and in localities with 
heavy rainfall. For the aforesaid reasons it is one of the characteristic butter¬ 
flies of the plains and desert regions. It performs short flights and does not, 
even on disturbance, take long flight. The butterfly generally rests on the 
ground with the wings closed over its back and the front ones drawn between 
the hind ones. It is more active in the forenoon than in the afternoon It can 
easily be collected when resting on the ground. It is fond of visiting flowers of 
Capparis aphyUa, Capparis sepiaria and Hibiscus micranthus. 
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Colotls etrida etrida (Boisduval) 

1836. Anihoeharif etrida BOISDUVAL, Spec, Qen, Lep. l: 576. 

1939. Colotis etrida etrida Talbot, Fauna Brit. Tndia^ {2nd ed.), 1: 465. 

Common name, —^This butteridy is commonly known as the 'little orangetip’. 

Distribution ;—It is common in Baluchistan, Kashmir, the outer raises of 
the Himalayas, throughout Peninsular India except Bengal. In Peshawar valley 
it is found during February, April and October. In the United Provinces, 
(Fatehgarh) it is fairly common during February, July and from October to 
December. At Delhi the butterfly is available throughout the year except 
during December and January, but is common from June to October* 

Larval food-plants. —Caterpillars feed on leaves of Caddba indica and 
Capparis aphyUa, 

Early stages and habits: —Eggs are yellowish when fresh but become reddish 
later. They are laid singly on young shoots, on flower buds, withered twig, 
stalk or underside of leaf. The pupa is generally pinkish but when formed 
among leaves it develops a strong green colour. Pupation takes place on the 
under surface of leaf near the ground. 

The adult is mostly present in open places amongst thorny bushes. It is 
a fairly strong flier seldom rising above ground. It is found visiting flowers of 
Capparis aphylla and Tagetes erecta for nectar. 

Colotis danae danae (Fabricius) 

1775. Papilio danae PABRICIUS, l^si. WnL p. 476. 

1939 Colotis danae danae Talbot, Fauna Brit, India, (2nd ed ) 1 : 469. 

Common name, —^This butterfly is commonly known as the 'crimson tip*. 

Distribution. —It is known from Ceylon, and Peninsular India t.o., southern 
India and Central Provinces. It is commonly found in Palni hills from April 
to June and August to October. At Delhi the butterfly is rarer than other 
species of the genus, and is available only during the summer months. May 
and June. 

Larval Caterpillars feed on leaves of Cadaba indica, Capparis 

sepiaria, Capparis divaricata and Maerua arenaria. 

Early stages and habits _are generally laid singly on old leaves or 

their stalks. T& full-grown larva is usually glaucous green. It changes its colom 
to pink before pupation. The pupa is green or of bone-colour. Pupal period is 
about a week. 

This butterfly flies straight but is weak in flight as compared to other 
butterflies of the genus, with the exception of the male of Colotis fausta. It flies 
always near the ground and is never found in jungles and places with heavy 
rainfall. Both sexes are found in equal proportion. 

Cepora nerissa phryne (Fabricius) 

1775. Papilio phryne FABRicrcrs, Syst, Fnt, p. 471. 

1939. Cepora nerissa phryne Talbot, Fauna Brit India, (2na ed.), X; 364, 
fig. 136. 
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Common name ,—This butterfly is commonly known as the 'common 

gull\ 


DistnbuHon,-‘lt is known from upper and lower Burma, Thailand (Siam) 
and China. In India it is commonly found in Nepal, Sikkim, Bhutan, Bengal 
and Assam. At Delhi it is available from May to November and is rare during 
winter and spring. 

Larval Caterpillars feed on leaves of Cappatis aphylla, 

Capparis sepiaria, Cappatis heyneana and Cappatis hotttda. 

Early stages and /wdtVs.—Eggs are laid indiscriminately on different parts 
of the plant. The full-grown larva is dark bluish-green dorsally and venterally 
light greyish-green. B^y of the pupa is grass-green having the wing pads and 
ventrd side greenish white. Pupal period is known to be about lo days. 

The adult is a fairly strong flier and generally takes a straight course. It 
is fond of sun and likes open places even in gardens. When resting on the 
ground it very often keeps its wings half open on the sides as if basking in the 
sun. It rises hardly a few feet from the ground when it is in a sportive flight. 
It is frequently found visiting flowers of Lantana indica, Cappatis septaria, 
Catissa spinatum. Polygonum barbatum, Euphorbia gentculata, Boerhaavia 
repanda, Gomphrena globosa and Tagates erecta. 



ERIOPHYES PROSOPIDIS, SP. NOV., 

A NEW GAEIv-FORMING MITE FROM INDIA 


By R. D. Saksena, 

Balwant Rajput College, Agra 
(Communicated by M. S. Mani). 

I recently collected specimens of Eriopkyes Sieb., causing an extremely 
interesting kind of histioid gall (No. 19) on the inflorescence of Prosopis spicigera 
Linn, at Delhi. The mites attack the young buds and give rise to irregularly 
globose, often agglomerated, semi-solid, hard galls, about 5 to 30 mm. in diameter 
The normal floral organs fail to develop. 

The mites resemble Eriopkyes acaciae Nalepa* in general appearance but 
differ in several essential characters and are described here as a new species 
under the name Eriopkyes prosopidis. The measurements are given in microns. 

Eriophyes prosopidis, sp. nov. 

Female and male. —Body reddish, cylindrical, somewhat narrow posteriorly, 
length 120-165, breadth 36-37*5 at the broadest point in the middle of the body. 
Cephalothorax length 30, breadth about 25, slightly projecting over the rostrum, 
with about 6 longitudinal striated sculptures. Chelicerae somewhat shorter than 
the maxillae. Thoracic bristles inserted at the anterolateral edges of the 
cephalothorax, stout and short, directed forwards, with basal tubercles very 
distinct. First pair of legs 30-32 long; second 22-25, third segment longest; 
pectinate claw 15, setaceous claw 21, with 7 feathers in the pectinate daw; 
first pair of coxal bristle 30, second shorter, third longest. Sternal ridge prominent. 
Abdominal rings about 80 in number. Epigynium length to width in the ratio 
of 7:8, flaps 9; genital bristles 5. Anal bristles stout, pointed, 30. Subapical 
seta of leg on the last but one segment about six times the length of the s^ment. 
Telson 7-5 long and 3*5 broad. Caudal setae about as long as the body. 
X^ateral setae shorter than the ventrals. First pair of ventral setae half as long 
as the caudals, fourth pair a little less than one-fourth of the caudals. 

Type series, —In spirit with gall No. 19 dissected, in the collections of the 
Zoological Survey of India, Kaiser Castle, Benares, coll. R. D. Saksena, 20-5-1943, 
Delhi, from inflorescence galls on Prosopis spicigera Linn. 


'^Nalepa, A., Marcellia^ 13 , p. 70 (1914). 
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DESCRIPTION OF AND BIODOGICAD NOTES ON A NEW 
SPECIES OF SYRPHIDAE FROM INDIA 

By P. J. DEORAS, M.SC., PH.D. (Duneem), 

Assistant to the Imperial Entomologist, Imperial Agricultural 
Research InsUiule, New Delhi. 

While studying the unidentified Syiphid material in the Imperial Pusa 
Collections, I came across a number of specimens of Syrphid flies belonging to 
the genus Xanthogramma (Schiner), having flat broad five-segmented abdomen 
and conspicuous orange spots on the pleuion. Lindner (1932) described a number 
of species of the genus Xanthogramma from the Palearctic region with none of 
which these specimens before me agree. Brunetti (1923) described Xanthogramma 
citrinum Brun. from India, and there is no other record of any other species of 
this genus from this region. The present material differs from X. citrinum Brun. 
in several important respects and is therefore described as a new species under 
the name Xanthogramma pruthii, sp. nov. 

Measurements of the various parts of the body (in mm.) of Xanthogrmma 
pruthii, sp. nov. (average of six specimens) 


Sex. 

Length from 
frons to tip of 
abdomen. 

Width of 
head. 

Width of 
thorax. 

Width of 
abdomen. 

Length of 
wings. 

Female 

11-25 

375 

3'5 

3-8 

9-5 

Male 

12 

4 

375 

4 

10-6 


In general, the male is distinguished from the female by its lai^r size, the 
unequal facets of the contiguous compound eyes and the absence of black as wdl 
as of faint black marks on the vertex and frons; it is also more hairy. 

Head (Fig. i). Face yellow except rim of epistome, bases of antennae and 
central knob of face. Compoimd eyes deep brown in both the sexes and having 
a golden hue’in certain lights. Eyes separated at vertex region by a distance of 
about I mm. A small vertical faint-black triangle divided by a vertical line 
present on the frons. First and second joints of the antenna orange ventrally and 
brown doisally. i^*rista brown. Pale yellow hairs sparsely on the post ocellar 
region extending up to ocelli. In the male the ommatidk of ^e front and the 
upper r^ons bigger than the hind and lower regions; third jomt of the antenna 
black dorsally, and the pale yellow hairs of the post ocellar region more compact. 
Proboscis dark brown in both sexes. 

Thorax (fig. 2 & 3). Black with a bluish tinge in certain lights.^ A narrow 
yellow band (fig. 3) at the sides of thorax extending from the humeri to scutel- 
I ntTt Pleuron slate-coloured, with one lime-ydfiow spot on the mesc^lemon, one 
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on the pteropleuron and one orange spot below the wings (Fig. 3). Scutellum 
lemon-yellow, dark anteriorly with grey pubescence. In the male more hairy 
and with a pale yellow pubescence. 

Abdomen (Pig. 2). Deep brown to shining black with a pair of orange spots 
dorsally on each of the 2nd, 3rd, 4th and the 5th segments; spots of the 3rd 
segment being the largest and' those of the 5th the smallest. Distal margin of 
the 2nd and 3rd segment has a thin and that of the 4th and the 5th a thick 
orange border. Spots on the 2nd segment curved anteriorly and continued on 
to lateral margin of the segment. Spots on the 3rd and 4th segment not conti¬ 
nued on to the lateral mlargins of the segment. The triangular small ispots on 
the 5th segment also directed anteriorly. No spots on any segment meeting 
the other at the centre of the s^meut. 



Ventral surface of each abdominal segment orange with a short transverse 
black band at the posterior border. 

Legs. Except for the following variations all the legs orange coloured. 
Coxae and trochanters of ail legs, basal three fifths of the femora of hind leg, 
basal half femora of middle and basal one-third of femora of hind legs deep brown 
to blackish in both the sexes. Tibia in all legs covered dorsally by a dense layer 
of dark hairs. The first tarsal joint of hind Ic^ as long as all the joints together. 
Claws deep black at the tips. 
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Wings, Greyish-yellow Knob of halters orange, stalk deep brown. 

Holotype female:—P. B. Mukerjee coll. 21. iiL 1938 on carrot at Delhi; 
allotype male;—P B. Mukerjee coll. 24. hi iQjSon linseed at Delhi, pinned, in the 
Imperial Pusa Collection, I^aboratory of the Imperial Entomologist, New Delhi. 

Other pinned specimens of this species:—P. B. Mukerjee coll. 16. ii. 193^ 
on berseem at Delhi, K. R, Khan coll. 24. ii. 1938 on linseed at Delhi, H. E. 
Bhatia coll. December 1940 at Turbot in Mekran. 

* Biologicai, Notes 

The eggs laid between groups of Myzus persicae (Sulz.) were collected from 
the under surfaces of the leaves of Luffa graveolens Roxb. in Noverdber 194^* 
They are elliptical in shape and about a millimeter in length. 

The maggots hatched in about three to four days time. Freshly hatched 
maggots are brownish, tapering at one end, and measure about one millimeter 
in length. Small tubercular spines are present on all the segments and the last 
se^ent bears two elongate digits on which are situated the openings of the 
spiracles. There is a pair of suckers on the ventral side of the last segment. 
These are fixed to the substratum and the anterior end of the maggot then moves 
in all directions. The maggots are very voracious feeders. An aphid is bodily 
lifted from the leaf, held aloft by the mouth in the air and then sucked dry. 
When very hungry, they can suck about two aphids a minute. They have been 
observed to suck about 484 aphids from a leaf at a stretch within about four 
hours. 

As the ma^ot advances in age, the tubercles increase in size, the posterior 
digits shorten in length and a faint yellow streak is formed mid-dorsally. The 
full-grown maggot is about r3 mm. in length, 2 mm. in width, and is deep brown. 
The maggot pupated in about 12 to 15 days. The pupa is greenish-browu almost 
barrel-shaped, measures from 7-8 mm. in length, and is attached to the leaf by 
a thin silken pellet. There is a central whitish streak on one side. The fly 
emerges within 14 to 17 days. The entire life-history was completed at Delhi 
within 29 to 36 days, during November to January. The average maximum and 
minimum temperatures for November, December 1941 and January 1942 were 
88®-2 iF—5i®-82F, 75®-9F—46°-oF, 68® 76—4t°-2. The average humidity percent¬ 
age for these three months was 44'36%. 66 5%, and 81%. 

The fly is very active and lived on honey solution for 25 days. Copulation 
was seen to take place on the wing after the 7th day of emergence from the 
pupa. 
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Explanations of Figures (natural size indicated in each figure) 

Fig. 1. The head. 

Fig. 2. The thorax and the abdomen. 

Fig. 8. The pleuron with the yellow streak and the yellow spots. 
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THE EFFECTS OF CONSERVING HEAETHY AND 
PARASITISED EGGS OF PYRILLA spp., 

IN WIRE GAUZE CAGES ON THE 

popueation of the pest 
AND ITS PARASITES 

By J. A. Muuyii. B.A., Ph.D. (T.C.D.), 

Biological Control Research Officer, * 

AND 

Z. I/AKSHMANAN B. Sc. (Ag.), 

Assistant to the Biological Control Research Officer, L C. A, R. 

Scheme for. Research on Insect Pests of sugarcane. 

I. Introduction 

Of the various possible measures of controlling the sugarcane PyriUa, 
collection and destruction of egg-masses is generally widely practised. This 
method, unless carried ^out carefully, may do more harm than good, because 
practically in all localities where PyriUa occurs, its eggs are parasitised by one or 
more of the following species: Tetrastichus ^riUaeCiocvd., Ooencyrtm fyriUae 
Crawl, Ageniaspis pyrillae Maui, CheUoneurus pyriUae Maui and Ooencyrtue 
papilionus Ashm. It is obvious from this that an indiscriminate destruction of 
e^ masses would certainly result in the destruction of thousands of these 
useful parasites. It has been found, for instance, that the three parasites Ageniaspis 
pyriUae Mani, Tetrastichus pyrillae Crawf.. and CheUoneurus pyrillae Mani breed 
in regular sequence in the e^-masses of the post-monsoon brood of PyriUa in 
several parts of Northern India. On some occasions over 6o per cent of PyriUa 
eggs were thus found parasitised and a thoughtless and routine collection and 
destruction of egg masses, without reference to the parasite factor, would only 
end in the simultaneous destruction of several hundreds of parasites, which if 
undisturbed, may bring the pest under control under natural conditions. 

2. Egg Conservation 

If, however, the percentage of parasitised eggs is so low as to make it almost 
impossible for the parasites to overtake the pest before the damage is inflicted and 
there appears to be no other way out of the situation but to recommend the 
removal of egg masses, the entomologist recommending it^ould qualify his recom¬ 
mendation with the injunction that all egg masses removed should not be 
destroyed but conserved in special receptacles, which, while retaining within it 
the PyriUa nymphs emerging from healthy eggs would permit the parasit^ emer¬ 
ging from parasitised eggs to get into the field and propagate their spedes. As 
PyriUa nymphs confined within the receptacles would sooner or later perish of 
starvation, a farmer who adopts this method would not only realise his objective 
of reducing the population of PyriUa but would also be helping the paiaOTes to 

* As amiounced earlier, the Editorial Board regrets that Dr, J, A. Muliyil passed amy 
before this paper could be sent to the press. 
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steadily gain ground and eventually have the supremacy of the field The 
method is neither wholly mechanical nor purely biological but a healthy com¬ 
bination of both, in which the mechanical process of egg collection and conserva¬ 
tion so tilts the balance of power in favour of the parasites as to ultimately 
bring about a biological control of the pest. 

Small rectangular wooden cages of the type devised and used by the 
writers in the experiments conducted by them at Palhera Farm (near Meerut 
Cantonment) in 1938. could be used with advantage by anyone who would like 
to test the efficacy of such a method of control. The cage referred to is nothing 
more than a miniature meat safe measuring 12*' x 10" x 10” with wire gauze 
panels, the gauze having 900 meshes per sqtiare inch. Such a gauze, while 
preventing Pytilla nymphs from getting out w ould enable the parasites to fly out 
of the cage. One of the panels is provided with hinges to serve as a door and a 
central ply wood partition, dividing the cage into an upper and a lower half 
considerably reduces the pressure on the lower layers of egg masses when the 
cage is filled. 


3 . Technique oi^ Kgg Conservation 

The modus operand!' is very simple. Pyrilla egg masses with their white 
fluff}’^ covering are conspicuous objects in Pyrilla infested plots and it needs no 
search to locate them All egg masses whether healthy 01 parasitised are 
removed from the plants and put into the cages. To avoid congestion and 
to enable the emerging parasites to get out, too tight a packing of the cages is 
avoided. If PynUa has started depositing its eggs inside leaf sheaths, they are 
also removed and conserved in the cages. When all egg masses have been 
removed and the cages are well stocked, they are taken and hung up in various 
parts of the infested plot so that there could be as uniform a distribution as 
possible of the emerging parasites over the affected area. Parasites would start 
emerging in the cages in the sequence in which they were parasitised in the 
field. Emergence would start on the day the cages are hung up and would 
continue for a period of ten or twelve days by which time parasites, even from 
eggs parasitised on the date of collection, would have fully developed. After 
this period, if the operator is sure that all Pyrilla nymphs within the cage are 
dead, the contents of the cage are thrown out and the whole process is repeated 
again with egg masses collect^ afresh. The percentage of parasitised eggs before 
starting the control measure could be ascertained by examining a randomised 
collection of egg masses on the day of starting the control measure and similar 
examinations made while the control measure is being applied will reveal the 
progress of parasite activity. 

4 . Experimental evidence 

By using cages of the type described in this note, the writers had occasion 
to test the efficac3" of this control measure and they found that in the course of 
ten days the percentage of parasitised eggs in leaf sheaths rose from 257 to 59-8 
and that on leaves rose from 68 6 to 73*4. A month later, while the percentage 
of parasitised eggs in leaf sheaths showed no appreciable change, the percentage 
of parasitised e^ on leaves dropped f^om 73*4 to 63*3. This drop is easily 
explamed; as with the^ approach of winter, Tetrastichus pyrillae Crawf., the 
parasite which is mainly responsible for attacking Pyrilla eggs laid on leaves, 
gradually vanishes from the field and its place is taken by CheUoncufus pyrillae 
Maai, the parasite which prefers eggs laid in leaf sheaths. 
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5 . Conclusion 

The writers realise that the results of one experiment, however carefully 
planned out, are insufficient to arrive at any definite conclusion on the value of a 
particular control measure. They intend repeating this experiment as opportu¬ 
nities present themselves and the purpose of presenting this paper at this stage 
is to invite those interested in the problem of Pyrilla control to put the suggested 
method to every possible test before it could take its legitimate place in the 
armoury of the economic entomologist. 
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APROSTOCETUS KRISHNIERI MANI-AN IMPORTANT 
INTERNAL PARASITE OF THE AMARANTHS STEM 
BORING WEEVIL, HYPOLIXUS TRUNCATULUS 
(BOH.) IN SOUTH INDIA. 

By P. N. Krishna Iyer, 

AgricuUural College And 'Research Institute, Coimbatore, 
Introduction 

During investigations on the biology of the cotton stem weevil and its 
parasites some attention was directed to similar studies on allied weevils. Ctoe 
of the most common and convenient forms among the latter proved to be the 
Amarantus weevil Hypolixus truncatulus (Boh.). This species was extensively 
used as a convenient laboratoiy host for breeding many pmasites of Pempherulus. 
Besides, this weevil itself carried a rich and varied parasitic fauna among which 
a few were found to be common to both the hosts. 

Among nearly a dozen species of parasites attacking the Amarantus weevil, 
one of the most abundant, effective and interesting forms was a small dark 
Chaldd, which was later described by Maui (1941) as a new species of 
Aprostocetus, A detailed investigation on the biology and morphology of this 
insect was commenced towards the dose of 1940. The present paper is an 
attempt to record the results of these studies. 

The Parasite 

Apfostocetus krishnieri Mani b a common gr^arious Chaldd (Eulopfaidae) 
occurring as an internal parasite of the grubs of the Amarantus weevil. It 
occurs abundantly in the environs of Coimbatore and probably also in other 
parts of south India. The paradte spends its egg-period and major portion of 
its larval-life within the hoemocoele cavity of the host grub from which it derives 
its shstenance. 


Distribution And Host Records Of The Genus 

The genus Aprostocetus though not cosmopolitan, has a wide distribution 
in Europe and America. A few species have been noted in Africa and Jap^. 
Their host range is varied though primarily confined to gall midges. A, fidius 
Gir. is known as a parasite of the gall midge Jatrophobia brasiliensis which 
attacks Cassava in Trinidad (1930). Another species of the genus is an egg 
parasite of the tree cricket Oecanthus niveus in California. A. roseveati Fer. has 
been recorded from a Psyllid in Nigeria {1932). A, caudatus Westw. has been 
noted as a parasite of Dasyneuta dopicuria in Britain (1933). A, ciliatus Nees 
is mentioned as reared from the gall midge Rhabdophaga heterobia in Britam 
(1935), A, fukutai Mima is recorded as a parasite of Melanauster chinensis in 
Formosa. A. asphiditnorphia (1938) has been noted from a doubtful host. 
These records indicate that the genus has been known hitherto only from Japan 
in Asia. Probably A, krishnieri forms the first record of the genus in India and 
is also the first instance of a weevil host. 
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Figs. 1—5, A^o^iocdm krishnieri Mani 

larva; 3. Cephalic skeleton ol full-grown larva in ventral view 
(highly magnified); 4. Pupa; 5. Adult female. 

®3cp^**i®’tion of lettering:—Ep. Fpistoma. Lbr. Lab mm. P.S. Pleurostoma, Mx. Maxilla. 
Ma. Masmbie. I. M. S. Inferior mandibular strut. S. M. S. Superior mandibular strut. 
Lab, Labium. S. D. Salivary fiuot. 

Tkchniqub 

As a minute mternal parasite, the development of the egg and larval 
stages was traced from a series of dissections of host grubs collected twice and 
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even thrice a day and a few were reared in cages in the laboratory. The latter 
process of rearing in laboratory has been very difficult due to rare and occasional 
ovipositions in captivity. The larvae and eggs were dissected in de Faure's 
fluid and normal saline solution under a binocular. The stages were fixed and 
mounted for study and photographic record. The parasite larvae continued to 
be alive for nearly two days in de Faure's liquid. The measurements were 
made on freshly dissected specimens. Unparasitised host stages were obtained 
from rearings in confinement. 


The Adum? 

(Mani, 1941—Indian J. Bnt., 3, 36). The adult female (figure No. i) is 
a minute black insect with a metallic bluish sheen averaging about 2.5 mm. in 
length. The male is slender with a narrow and short abdomen. 

Female dimensions :— 

Length—2.3 to 2.7 mm. 

Width—0.65 to 0.7 mm. 

Male dimensions:— 

Length—1.7 to i.q mm 
Width—-0.5 to 0.55 mm. 

These insects are somewhat attracted towards day light. When disturbed 
they hop about for a distance before taking to flight 

Mating :—There is nothing spemal in their mating habits. The male 
after sensing the presence of the female sets off in pursuit with the wings and 
antennae in violent vibration. He mounts on the female quickly when near, 
with the two anterior pairs of legs dasped round the thorax and the gjstenor 
pair round the abdomen. He jnmps off if the female is not snffidently 
stimulated. Copulation lasts from 10 to 20 seconds, should the female be 
receptive. 


Generai, Biou)OY 

Attempts to observe the female oviposting in cages or in the field have 
been unsuccessful. Eggs are laid up to a maximum of 38 in the hoemocoele 
cavity amidst fat bodies in the early instars of the host grubs. In the ^amjue 
photographed and sketched (in fig. 2 and 3) the eggs were found embwdea ra 
the fat bodies which on dissection got detached. The mcu^tion 
less than one day probably covering 12 to 16 hours. The newly ^tched 
larvae feed on the fat body. The larva passes through four mstars and becoines 
full-grown in about 5 to 7 days. The host grub appears to be nomal and active 
until the parasite reaches the third stage when the fat ^dy is very nearly 
consumed and feeding on the other tissues begins. The spiracles are developed 
and become visible at this stage. By the time the l^a attai^ the lonrtn 
stage, the entire contents of the host are consumed leaving only the empty hc^t 
cuticle which soon gives way exposing the larvae. Immeffiately, the^ evacuate 
the meconium and turn into prepupae which stage lasts from 6 to S bcmrs atiet 
which they turn into pupae in the larval tunnel of the host grub. The pu]^e 
are at first white and turn yellow, brown and finally dark. T^e adults eme^e 
within 6 to II days; the entire life cycle taking 14 *9 
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The eggs are laid in groups from 2 to 5 in the haemocoele 
cavity of young host grubs ordinarily not older than the third instar. The 
preferred stage is usually the second instar but eggs may be laid less frequently 
up to the fourth instar. The eggs are generally lodged in fat bodies but cases 
where the eggs are free in the body cavity are not uncommon. It is possible in 
this case that these were detached by teasing. These have been found always 
in groups or batches su^esting the probability of their having been laid in 
groups. Probablv each batch is laid in a single thrust though ordinarily 
hymenopterotts parasites lay only one egg per thrust. In consideration of 
the fact that a female possesses 30 to 40 ^gs in the ovarioles more or less 
ripeningt it is possible that the female deposits all avilable eggs in the course of 
a few thrusts. 


Description op Immature Stages 

The egg (Fig. 2 and 3) is subureniform, white with a very thin chorion 
bearing no sculpturing of and kind. The cephalic end is broader than the 
caudal. It measures from 0.34 mm. to 0.37 mm. in length by o 09 mm. to 
0.093 mm. in width. The cytoplasm of the egg is ^anular and homogeneous 
throughout when freshly laid with a chorion so thin that its presence can be 
detected only when shrunken. 

The ovarian egg (Fig. 4) on dissection of the female is found to differ 
appreciably in shape from those normally laid. It is somewhat cigar shaped 
with a curve. When freshly dissected from the ovary, it measures from 0.29 
mm. to 0.31 mm. in length by 0.06 mm. to 0.071 mm. in width. The average 
capacity of the female ovaries appears to be about 30 to 40 eggs which were 
seen nearly well developed. 

First stage larva: —(Fig. 5). The newly hatched larva is a very delicate 
creature, dongate-oval in gene^ outline slightly tapering towards caudal end 
and more than twice as long as broad. The head is distinct in the form of a 
small conical projection foUowed by 13 body segments though somewhat indis* 
tinct. When the larva grows the head becomes proportionately smaller. It is 
colourless and very active in de Faure's liquid. The head is devoid of antennae. 
The mouth is ventral and small and consists of a transverse aperture. The 
mouth parts are poorly developed save the mandibles. The cephdic skeleton is 
not developed except for the superior mandibular struts and inverted 1/ shaped 
mandibles and a crescent shaped labrum covering the oral aperture. The 
integument of the body is smooth and naked. The larva is transparent enough 
to reveal the main features of internal organs. The muscular foregut is clear 
sometime after hatching and the stomach (mid-intestine) slowly begins to get, by 
suction, filled with fat glonbles and surrounding liquid indicating the nature of the 
food absorbed. No solid food is traceable at this stage. Respiration at this stage is 
effected continuously by diffusion of oxygen from host blood since no spiracles 
are developed. Even treacbeal trunks are not dear except for a few indistinct 
fine ones in the middle region. The number of such young larvae found in a 
single host varies within wide limits. It may vary from 9 to 38, the most usual 
numbers being 13,16, 19 and 21, and 33. In a few cases young and more 
adviced larvae were se^ together in the same host. The larvae may be seen 
floating on blood plasma in any part of the hoemocoele. When these grow in size 
they imtnrally get lodged between the body-wall and mid-gut of the host grub. 
Moulting has not been observed except in the first instar where it occurs within 
24 hours. The larval dimensions average as follows: 



Aprostocetos krishnieri Mmi 


229 


length—0,65 mm. Width —0.24 mm. and Head 0.09 mm. 

Second stage Airva;—(Fig. 6). This stagp is in most respects very like 
the previous one. The shape is slightly altered and has become more oval. 
The head is more rounded than conical. The mandibles (F^. 7) are not much 
modified except that these are a bit stronger. The fore-gut is more dearly 
defined. The mid-gut has become greatly enlarged and a darker central portion 
is more noticeable. Neither hind-gut nor anal deft are traceable. No tracheal 
system is visible. Even if tracheae are present spirades are absent. The larva 
obtains its oxygen dissolved in the blood plasma of the host. This stage ingests 
only fat globules and hence the fat bodies in the host are considerably reduced 
by feeding. The late second stage, however, may consume a little of other 
tissues. 

length avers^es i.io mm. Width averages 0.31 mm. Head averages 0.14 tnm. 

Third stage laroa: —(Fig. 8). The shape has become more elongate and 
the integument tougher. The mouth parts are more developed and (^tinised 
(Fig. 9). The mandibles are stronger with the struts distinctly developed. 
The cephalic skeleton is nearly well formed. The parasite commences destruc¬ 
tion of internal tissues of host. The mandibles are active in gnawing and scraping 
of internal tissues of the host which are being fast consum^. The fat body is 
seldom found in the body cavity of host. The suctorial activity of the pharynx 
is increasingly visible. The mid-gnt contents are much darker. The hind-gut 
shows traces of devdopment but still not dear. With the host gradually dying 
and the consequent r^uction of oxygen supply, the need for an open trachea] 
system is apparent. A tracheal system has appeared. Spirades are developed 
and dearly visible. With the completion of this stage, parasite is almost getting 
equipped to migrate outside the host. Dimensions of the parasites aze: 

Length 2.00 mm. Width 0.45 mm. Head 0.19 mm. 

The mature larva: —(Fig. xo). The final-stage larva averages 3.30 mm. 
in length, i.oo mm. in wid^ with the head o 31 mm. It is somewhat ft^orm in 
shape and consists of a head heavily chitiifized and 13 body segments. It is 
whitish in colour save for the dark visible accnmnlated faecal mass in the guL 
The integument is thicker, sH^tly opaque, smooth wd shiny. The body-wall is 
raised into segmental wavy protrusiona. The parasite is most destructive at this 
stage and is more or less predaceous on aU internal host tissues. l%e host 
is dteady dead or dying. The parasite consumes everytiiing except the cutide 
and chitinised mouth parts of host. In its stomach are found, on microspopic 
examination, such host organs as tradieae, alimentary canal and mttsdes. ^1^ 
feeding continues until it is satiated and the host empties. The anal deft 
is visible with hind-gnt developed but not connected with mesenteron. 

The head is well differentiated into the upper and lower labial lobes with 
no traces of larval atennae. The cephalic skeleton (Fig. 11) is diaiacteristic 
and wen developed. It comprises tte followii^. Placed transversdy and 
prominently are a pair of sharp, chitinized mandibles whose paints are dark and 
more strongly chitinized. Affording articulation to the upp^ sides of the 
mandibles are two superior mandibular struts. These struts aze joii^ togetl^ 
in the upper dypeal region by a curved semi-circular bar—^the epistama, T^ 
bracket shaped pleurostoma with its two arms oonnecte the superior and inferior 
mandibular struts which provide sodeets for articulation for the condyles. The 
inferior struts are connected to each other in the labial region of the mouth by a 
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curved compound structure. The hypostoma arising at the junction of the 
inferior mandibular strut and pleurostoma is vestigial or absent. The structure 
known as ietUorium prominent in Pteromalids is not visible in this Tetrastichinae 
(Eulophid). The softer parts associated with these are the clypeus and labium, 
covering the lower aspect, w^th a salivary duct formed by t^o smaller ducts 
opening into the labial region. Besides these, a few papillae or sensoria are al^ 
found associated with them. One large pair on either side of epistoma is promi¬ 
nent. Further, muscles for operating these parts are also found for each of these 
parts such as labrum, labium and mandibles. 

The tracheal system of this stage is peripneustic. It consists of two longitudi¬ 
nal trunks and transverse commissures. Nine spiracles are present on the 
margins of segments. These are joined by spiracular tracheae to trunks 

(Fig. 12). 

As these gr^rious larvae consume the host contents and grow, the empty 
sac-like host is cramped and the cuticle gets swollen with the developing larvae 
pressing from inside (Fig. 13). The enfeebled cuticle yields and ruptures 
through pressure and the larvae are exposed. These larvae rest quietly for 
about 24 hours to 48 hours. 

Pre-pupa: —(Fig. 14). The mature larva, after resting for a while, 
commences its pre-pupal stage by its body being differentiated into three some¬ 
what distinct regions The head which is exactly similar to that of the mature 
larva with the cephalic structures and mandibles, is followed by a broad thorax 
and by a still broader and bulbous abdomen. In colour the newly formed 
pre-pupae is yellowish white. In this stage, the faeces are voided and the body 
toms uniformly white in colour. The average dimensions are:— 

Length 2.9 mm. Width i.o mm. Head 0.35 mm. 

After about 6 to 8 hours, the cutide ^lits resulting in the formation of 
the pupa. 

(Fig. 15}. The pupa (averaging 2.1 mm. in length by 0.85 mm. 
in width) is pale white in colour at first. No cocoon is form^ and the pupae 
lie free inside the host tunnel in the stem. The wings, leg-rudiments, mouth 
-appendages, eyes, thoracic and abdominal segmentation are well demarcated. 
It now turns ydlowish-brown and darkens in four days. The thorax and head 
get darkened first followed by that of the abdomen. The extent of pigmentation 
of the eyes is a reliable index to the age of pupa. In a day after complete 
darkening, the adult emerges. 

Effect of Parasitism on the Host 

The newly parasitised host grubs are at first uudistinguishable from others 
and behaVe in a normal manner until about the fourth day or the development of 
the third stage parasite larva. Thev move about and feed in spite of their 
energy being in a diminishing gradient. The feeding and chewing activities of 
the early larvae certainly weaken the host although it does not become apparent. 
The damage to fat body may be seen on dissection of host but is far from being 
fatal. The feeding of the second stage larva is of greater effect but the host 
grub is still sufficiently active though weakened. It does not move quite as 
rapidly as healthy ones. Host grubs having early third stage larvae are distinct¬ 
ly less active and are only able to crawl. Dissection of the host now shows 
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that fat bodies are completely consumed as also parts of internal organs, muscles, 
and tissues. If the pai^te larvae are few in numbers, the internal organs may 
be intact. Even the alimentary canal may be left yet untouched. By about 
the close of the third stage, the host body is emaciated though the cuticle 
appears bloated in some ^ses. The host grub ceases to crawl with diminishing 
signs of life until finally life becomes extinct. By the time the larva becomes 
mature in the fourth stage, nothing is left of the host except the exo-skeleton, 
head capsule and mouth parts. The pressure exerted b^ the growing larvae 
causes the cuticular bag to rupture and the larvae are exp^ed in the host 
tunnel. 


Sex Ratio and Parthenogenesis 

Regular records were made of the sex of adults emerged from about 2 hosts 
^sides numerous other observations made on various other occasions. In one 
instance there were only nine females and no males. In another instance, which 
is rather exceptional, there were out of 16 adults as many as 10 males. Out of 
a total of 135 adults (loy?? and 28 c? c?) the ratio of males to females was 20.7% 
to 79.3%. It is clear that females predominate in the great majority of observ^ 
instances. Since instances have been noted where all adults emerging from a 
single host happen to be of female sex, it is possible that parthenogenetic 
reproduction occurs in the species. No complete data are available to demons¬ 
trate the phenomenon. 


Life of the Adult 

The adults are not generally long lived. The males are particularly short 
lived with a maximum of 7 days. The maximum longevity of the female was 
found to be 30 days with a supply of sugar or honey solution during the cold 
season—^December—January. 

Incidence and Seasonal IteroRY 

The incidence of parasitism displayed such great divergence that no 
generalisations are possible'. Numerous cofiections and dissections of host grabs 
have been made from different situations and localiti^ In some loc^ities 
groups of plants have been examined with liot even a single case of parasitism. 
In others from certain other situations as high a percentage as 5 to 10 has been 
recorded. Parasitism was heaviest in some ^onps of plants found in waste 
lands in contrast to those near cultivated regions. These observations present 
some features of ecological interest which, however, remain to be investigated. 
These are found to be more numerous in collections made from January to ApiiL 
These occur however, throughout the year though in very small numbm. 

SUHKARY 

ApTosioceius kfishfiiefi is an iiliportant internal paramte of the grabs 
of Hypolixus truncaiulus in South India. The rate of parasitism, by roi^ 
computation, may vary between 5 to 10% in the height of the season. 

The eggs are laid in groups of five or less within the fat bodies in hort 
grabs of about the second instar. There ara four larval stages ^d t^r 
morphology is described. The larvae show interesting structural adaptations 
for their mode of life. The first and second ^tages derive their susteMtTO 
mainly from the surrounding fat body and fluid in the haemocoele cavity of the 
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host. The third and the fourth stage larvae develop strong and sharp mandibles 
and cephalic skeleton for breaking up the internal organs of the host. The 
tracheal system is devoid of spiracles until the third stage; spiracles develop at 
this stage and are connected to the rudimentary stigmatic trunks. The larvae 
after consuming the entire contents of the host grub get full-grown and emerge 
out by the rupture of the empty cuticle. Pupation takes place in the host tunnel 
in the stem. The life cycle covers from 14 to 18 days made up of about half a 
day in the ^ stage, 5 to 7 days in the larval stage, less than half a day 
as pre-pupa and 6 to ii days as pupa. The adult lives a maximum of 30 days on 
sugar or honey solution. It occurs throughout the year but becomes abundant 
in the season, January to ApriL 
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SHORT NOTES AND EXHIBITS 

Predators of Gmllaliis (Giyllns) domestieiis L 

Two wasps namely LHs haemorrhoidaJis Fabr. and Notogoma Sp. have been 
observed paralysing the nymphs and adults of the european cricket in the fields 
and carrying them to their nests for feeding their young ones. Similarly several 
species of spiders destroy a large number of nymphs and adults of these crickets 
and effect a considerable check upon the pest at I/yallpur. 

Lyallpur K. A. Eahmant 

Oecnrrenee of Bourbon aspidiotns {Aspidiotus destructor Sign.) in the Punjab 

This is a very destructive pest of grafted mangoes throughout the 
mango growing tracts of the Punjab and its distribution continues to be increas¬ 
ing simultaneously with the fruit growing industry in this province The damage 
starts with the advent of summer season and ultimately it affects the fruit 
setting adversely. Since the insect feeds on the vital fluids of the infested host 
the constant drain on young trees may eventually lead to their destruction. 

This scale is tisually carried from one locality to the other through nursery 
plants. It is, therefore, suggested that with a view to preventing its dissemi¬ 
nation some sort of legislation may be enforced either to eradicate the infested 
seedlings or disinfect &em thoroughly before they are allowed for transportation. 

Lyallpur A. R. Ansaki 


Inseet Pests of the Museum 

Anthrenm subclamger Reit; Triholhm castaneum Hbst. and a Psocid have been 
observed doing considerable damage to insect specimens whereas Antkrettus vorax 
Watt, destroys stuffed birds, hoofs and horns in the museum at I/yallpur. 

Lyallpur Gtochasan Singh Sohi 

CryptochaeUm iceryae ^nUiston (Diptera: Cbsmaeinjidao), 

• A Parasite of Jcerya Spp. 

Cfyptochaetum iceryae is well-known as an important psuasite of Icerya 
purchase the notorious cottony cushion scale. Its original home is believed to be 
Australia from where Koeble introduced it into America for the control of the 
cottony cushion scale. It is reported to have successfully established itself 
especially in Ihe coastal areas of the United States. 

Recently I bred a fly, which is most probably C. iceryae, from the nymphs 
of Icerya pilosa Green infesting sugarcane leaves at Delhi. The adult fly is a 
minute metallic blue insect with bright crimson red eyes This is the first record 
of this parasite from India; the genus Cr^tockaeium Rondani itself has not been 
recorded from India before. This find is extremely interesting in that this fly 
may attack the other species of Icerya, including the fluted scale in India. 

LA.R.L E.S.MtoaN 

New Delhi 
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Short Notes and Exhibits 


On Mdcha omatipennis, A parasite of Sdrpophaga nivdla F., 

The Top Shoot Borer of Sugarcane. 

Melcha ornatipennis Cameron, was first described by Cameron in 1907 
from a single male specimen collected by C. T. Bingham from the Salween 
Valley in Middle Tenasserira, Burma. The parasite has a fairly wide distribution, 
as the Imperial Pusa collection contains specimens collected from the Punjab, 
Delhi, United Provinces and Bihar. However, there is no record of it from the 
Bombay Presidency or south India, 

The parasite gets soon reconciled to a life of confinement in the laboratory 
and it bre^s in captivity as freely as it does in the field if suitable hosts are 
given. A full-fed Sdrpophaga larva which has cut the exit hole and has covered 
it with a parchment-like membrane, is in the suitable stage for parasitisation. 
There is much in the behaviour of this parasite to indicate that it is a specific 
parasite of this borer, and so far no one has seen it breeding on any other host. 
Paralysation of the host precedes oviposition and as a rule the parasite lays only 
one egg on a host but if hosts are scarce, it lays more than one egg on a single 
host Whatever be the number of ^gs that are laid, only one grub attains 
maturity finally. Insufficiency of food kills the rest. Tike many other hymenop- 
terous insects, this parasite is also capable of reproducing parthenogenetically, 
the progeny, however, of the virgin parasite developing invariably into males. 
Under laboratory conditions, a female parasite is capable of parasitising 12 to 15 
Sdrpophaga larvae and it takes 17 to 19 days to complete its life cycle, the egg 
period being 45 hours, larval period 5 to 6 days and the pupal period 10 to zi 
days. In winter, the larva enters into hibernation along with the host and 
pupates early in spring before the overwintering larvae of 5 . nivdla enter 
into pupation. Pupation occurs always in a silken cocoon, the size and texture 
of which depends on the seasonal conditions. Summer cocoons are thin and 
white and rather loosely spun around the pupa; winter cocoons are tough and 
compact. 

Adults are very active. The female parasites live longer than the males. 
Their period of maximum activity in the field is between August and October, 
which s3rnchronises with the maximum activity of their host and during this 
period, 35 to 40% of the host-larvae are parasitised. In the first post*winter 
brood, the females generally are found in excess of males but in the pre-winter 
or autumn brood, both the sexes are in equal proportion. 

The habits and behaviour of the parasite indicate that if properly handled, 
it is likely to play an important part in the control of the t^ shoot borer in 
India. 

I. A. R. I., IsHWAR Dayai, Maxhur 

Nea> DdM 

Cfimatoldgy in relation to the Blologieal Control of Sugarcane Pests. 

Several comprehensive notes have already been published by Dr. T. A, 
Ramdas, showing fiie effects of climatic factors on plant growth, crop yield and 
the incidence of pests and diseases. It is an admitted fact that the whole 
universe is subjected to the weather conditions. 

As regards the pests and parasites of sugarcane, it is essential, before 
undertaking any control measure, to study weather conditions of the locality 
in which operations are to be started, such as rainfall, air temperature and 
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humidity, temperature and moisture, wind velocity mid direction, evapora¬ 
tion, cloudiness and other important weather phenomenon. Had it not been for 
the fluctuating changes of the meteorological conditions from place to place, 
it would have been very easy to deal with any problem of control from a central 
place. The climatic factors are to a large extent responsible for a variety of 
problems that we come across in the various cane growing tracts of India affect¬ 
ing the total out-put of sugarcane. Even if the same variety is grown it may react 
to the different weather conditions in which it grows in different ways; viz,, the 
same variety may give different results in Delhi, Setabganj and Madras, as 
regards growth, yield and the pest incidence. For example in Bengal Argyria 
tumidtcostalis is very much favoured by high humidity whereas it cannot survive 
at Delhi and Madras. In Madras and Bengal A, sticticraspis and A. tumidicos- 
talis respectively, remain active almost throughout the year brood after brood 
and there is hardly any hibernation at all, whereas at Delhi the activity of stem 
borers is restricted to certain months of the year when climate favours their 
existence. In the same way PyriUa in Maharashtra is more or less present 
throughout the year, but at other places it app^rs periodically as a pest and 
that too if climatic factors favour its multiplication. Amongst the stem borers 
Sesatnia sp., flourishes only round about Bhopal and Gaya. 

So it is quite dear that the entire insect life is dosely linked with the 
climatic factors. Hence it is necessary that in relation to the study of any 
pest or parasite, not only general but micro-dimatic records should also be 
maintained inside the crop at different levels. 

Stem borer control in its eg^ stage by Trichogramma parasites is yet in 
its experimental stage in this country. But unless general and micro-climatic 
records are also co-related with the periodical fluctuation in population, we will 
not be able to say which are the ideal climatic environments for the appearance 
of the pest and the liberation of the parasites. It also helps us to know the 
most suitable periods for liberations which may help the survival of the broods 
of the parasites. 

For general and micro-climatic studies, all the instruments should be of 
standard make, as cheap quality apparatus may give wrong results. Regularity 
in observations at 7 and 14 hours lo^ time and the maintenance of the instru¬ 
ments according to the instructions are necessary for arriving at useful results. 

I. A. R. L 

New Delhi, M. S. Anwax 


PyriUa eontrol by eonsenratton of Bgg parasites. 

Various control measures such as cultural, mechanical and insectiddal have 
been attempted with var3dng degrees of success, to check PyriUa, a major pest of 
su^caneall over India. There appears to be no published record of any attrapts 
made to control the pest by means of its egg parasites. The possibilities of 
the biological method of control were foreseen by Misra and Ram Nath. In 1938 
late Dr. J, A. Mulyil tried conservation of PyriUa egg parasites at Meerut; his 
observations were however of a preHminary nature. In order to come to a deflnite 
condnsion regarding the eflSlcacy of the biologic^ method, a well-planned PyriUa, 
parasite conservation experiment was laid out at Kamal. By conserving the 
parasites, it is aimed to reduce the popukition of PyriUa and at the same time, 
it will increase the population of the local egg parasites. This will be carried 
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out by collecting all PyriUa egg-masses (whether parasitised or unparasitised) 
from experimental plots and then putting them iu suitable wooden cages with 
wire gauze sides. The mesh (30 to 40 per linear inch) of the gauze would allow 
the parasites to escape to do their beneficient work, but not the nymphs that 
hatch out of the unparasitised eggs. The nymphs for want of food, would perish 
in the cage. Thus, in this simple experiment, the principles of mechanical as 
well as biological methods of control are harmoniously incorporated. The cages 
are distributed in the field to ensure the even distribution of the parasites at the 
rate of 21 cages per plot of J acre. The cages are emptied and refilled every 
month; whilst observations on 2% basis are carried out fortnightly. Up till June 
1943, the plots were free from PytiUa as well as its eg^ parasites. With the 
commencement of the monsoon in right earnest in July, and the prevailing hot 
humid air, the host and parasites have b^un to make their appearances in large 
number and the conservation of the parasites is in progress. 

Misra. 0. S. 1917 Mem, J)^t. Agrie. Intiia, Ent, Ser., V. (2) ; 73-133. 

Ram Nath, L. 1935 Punjab Ikpt Agrie. Seasonal Note^ Xill# (1); 63. 

I. A. R. I. E. J. Vbvai. 

New Delhi 


The eotton flower weevil - Amorphoidea arcuata M. 

This weevil has been recorded previously by Ramakrishna Ayyar in 1932 
as feeding inside flowers of cotton. It is not generally considered a serious pest. 
In 1940 the insect was found breeding inside tender bolls, the grubs feeding from 
the tip. The infestation by this weevil was however on the increase in 1941. 
As high as 35“2% of the ^ed tender bolls were found attacked by the grubs 
early in February and thereafter there was a noticeable fall in incidence to 
13% by the first week of March. 

’ Qnmbaiore M. C. Chbsian and V. Maroabandhu. 

Sdepa docilis Bail., and its paradte Euplectrus euplexiae Roh. 

Sdepa docilis Butl., belongs to the family Noctuidae and is a minor pest of 
brinjaL Moths begin to lay the day after emergence. The eggs are pyra¬ 
mid^ with ridges all round and pale or light yellow. They measure 0-5 mm. 
across. Eggs are laid in small groups, gene^ly 4 to 12 in number, on the shoots 
aaad upper surface of leaves. A maximum of 148 eggs was laid by a single 
female during her life time. In three other cases 107,112 and 112 eggs were 
laid. The egg period is 3 days. The just hatched larva is transparent with 
ridges all over the body and measures i mm. in length. The young caterpillars, 
for the first few days, feed tc^ether in a cluster. They are generally found on 
the upper side of the leaves. Moulting occurs four times. The full grown larva 
is light green on the sides with reddish orange bands on the dorsal surface. 
Blotches of long white hairs are borne on the lateral side in each segment. The 
dorsal surface on every segment also bears short hairs. The dor^ surface of 
2nd and 3rd thoracic segments and the 2nd and 9th abdominal segments is black 
in color. The head is pale creamy. The full grown caterpillar measures about 
15 mm. and feeds very voraciously on the leaves, leaving only the mid ribs and 
veins. The larval period is 7 to lo days. A day prior to pupation the larva 
slackens feeding and is somewhat inactive. It selects a suitable situation, gene¬ 
rally on the stem or midrib on the under surface of the leaf and begins spinning 
cocoon. The cocoon is dirty white in color and measures about 10 mm. long. 
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The pupa inside the cocoon measures about 10 mm. long The pupal period is 
7 to II days. The total life cycle from the egg to the adult is 18 to 24 days. 
When fed with honey solution, under laboratory conditions, a male lived upto 8 
days while a female lived for ii days. 

The parasite —Euplectrus euplexiae Roh., belongs to the family Bulophidae. 
sub-family Elachertinae. The thoracic s^ments of both male and female are 
black while those of the abdomen are yellow in colour. The head of the female 
is black, that of the male yellow. Eggs are translucent, elongate and cylindrical 
and measure 0*25 mm. long. They are laid singly on the body of the host 
caterpillar, generally one egg on each segment. The parasite spreads out a 
gummy fluid on the body of the host and sticks the egg on it. The larval 
stage liked by the wasp is fairly grown up caterpillars—4 to 5 days old. A 
maximum of 38 eggs was laid by a single female distributed over 7 caterpillars 
on diflerent dates during her lifetime while three others laid 30, 29 and 23 eggs 
respectively. Eggs hatch in less than 24 hours. The just hatdi^ grubs are 
transparent. As they grow in size they are light yellowi^. The grubs through¬ 
out their active larval life do not move about but, remaining where they are, 
completely suck out the body contents, leaving only the empty skin. Full 
grown grubs are light green or bluish in colour and measure i mm. long. At this 
stage, they descend to the ventral side of their host and arrange themselves 
in a row surrounded by sparse dirty white hairs They form into pupae the 
next day. The pupae are flrmly attached to the host skin above. The larval 
period is 3-4 days. The pupae are light red or brown in colour and measure 
I mm. lo^. The pupal period is 4 days. The total life cycle _ from egg to 
adult varies from 8-10 days—the egg, larval and pupal pmods being less than 
one day, 3-4 days and 4-5 days respectively. When fed with honey solution a 
male lived 40 days and a femie 19 days. 

Coimbatote. M. C. Cheria-n and B. Rangiah Piuai 

Grammodes stolida Falir.—pest of dalneha (Sesbania actdeata) 

Grammcdes stolida Fabr. (Noctuidae) was found doing severe da m age to 
daincha in the Central Farm, Coimbatore, in November to December, 1935. 
The damage was so severe that most of the plante were defoliated. Under 
laboratory conditions the pest was found to feed on agaiki {Sesbania grandiflora). 
The life history of the pest worked on this plant is given bdow:— 

The moths are of moderate size, 30 to 40 mm. in length and grey in colour. 
The forewing has a white marginal line while the hind wing has a white band. 
The moths pair on the second day after emergence. The maximum number of 
e^^s laid was 199 and the miTiimum The maximum longevity of the mot h s 
was 8 days. are laid singly on the shoots of the food plant. They are 

dull green in colour and ribbed. The egg stage is of 2 to 4 days. The newly 
hatched larva is pale green and 4 mra in length The head and legs are brown. 
On the dorsal surface of the thoracic segments there are three blacfe dots arr^- 
ged on either side. Four reddish lines are seen on the dorsal surface of the 
abdomen. After lie first moult the caterpillar is greyi^ and about 12 mm. 
long. There are three reddish lines along the dorsal surfece of the thorax and 
abdomen. On the second abdominal segment there are two black dots one ^ 
either side. There are also two smaller dots on the tenth segment. After the 
thhd moult there is no change in colour and the caterpillar is about 35 m^ 
long. The next day after moulting it stops feeding. It takes three ^ys to 
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spin its cocoon completely and to transform into a pupa. The larval period is 
15 to 22 days. The pupa is chestnut brown and 15 mm. long. It is enclosed in 
a cocoon of light thin yellow silk within folds of leaves. In a few cases the 
caterpillars pupate in e^hen cocoons in the soil. The pupal period is about 
10 to 12 days. In three instances it was found to be 107, xoi and 131 days 

Coimbatore M. C. Chbrian and C. V. Sundaram 

Acofus calamiis^tho sweet-flag—a new indigenous inseetieide lor the household:, 

A safe and promising vegetable insecticide that has yielded encouraging 
results at Coimbatore is the common plant, Acorus calamus—known as sweet- 
Bag in English and Vasamhu in Tamil. The rhizome of this plant which grows 
wild in places like the marshy lake side in Ootacamund, has been long in use 
in Indian pharmacopoeia and its insecticidal properties have also been talked 
of for a long time. On actual experiment the rhizomes dried and powdered have 
given very encouraging results against such household insects as the bird-lice, 
on fowl, bed bug, clothes moth etc. Dusting of the powder on fowls infecj:ed 
with bird lice killed a large proportion of them in the course of the night £^nd 
the next morning there were no living lice on the birds so treated. When 
flannel was dusted over with the powder and enclosed with a number of clothes 
moths, the latter all died in the course of a few hours and there was no breeding 
of the insect in the flannel, while in the case of the control where an untreated 
piece of flannel was similarly enclosed with equal number of clothes moths, the 
moths lived for a few days, laid eggs on the flannel and the caterpillars hatched 
and fed on it. The powder when dusted on bed bugs killed them in the course 
of 2 or 3 days. It had no effect on the eggs but the nymphs that hatched out 
from the eggs died in the course of a few hours. The use of this substance in 
the control of weevils in stored grains and crop pests is being tried on a large 
scale with very hopeful results. 

Coimbatore T. V. Subrahmanyam 

Two interesting eases of migraffon of Insects noted at Coimbatore. 

I. Swarming and migration of insects are common in cases like butter¬ 
flies, grass-hoppers or locusts, bees etc., when the insects concerned leave their 
homes in large numbers and go and settle down in far off places evidently in 
search of better places for food or protection. But it is rather a rare 
phenomenon among beetles and especially so among weevils, where the in¬ 
dividuals are shy creatures and though provided with well developed wings 
rarely fly long distances. Hence it was very interesting to note this habit once 
in the case of the amaranthus weevil —Lixus brachyrhtnus. One fine morning 
at about 10 o'clock, a buzzing noise was heard over my head in front of my 
bungalow from a big swarm of small insects travelling pretty fast in a south¬ 
westerly direction along a strong wind. I thought it might be a case of a 
swarm of bees from the apiary shed nearby. But on catching a few of the 
insects it was found that the swarm was one of the amaranthus weevil. They 
were moving so fast that by the time I brought out a net to catch more of these, 
they had gqne a long way off. 

II. Another instance of migration was that of two butterflies— 
Umniaceae and Euploea core. One evening at about 5-30 p.m. when the weather 
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was cloudy and chilly, large swarms of these two species of butterflies were seen 
hovering round Peltophorum flowers along the avenue on the estate. The two 
species appeared together more or less in the proportion of 2 : 5. 

Next morning at about 7 or 8 a.m. when the weather was again similar, 
these were again found to fly in continuous streams in a south-westerly direction 
towards the Marudamalai Hills along a gentle wind blowing in that direction. 
They were flying not very high—about 4-10 feet from the ground, passing over 
and between plants, scrubs and other vegetation, but were never seen to halt 
on any of these even for a while and pass^ off beyond the estate. The stream 
stopped by about 10-30 a.m. when the sun got high but started again the next 
morning under similar conditions. The numbers of butterflies decreased on the 
second day considerably and only very few were found on the third day and 
none afterwards. From where they came and where they went is not known, 
except that they entered the estate in north-east corner and left it at the south¬ 
west comer near the Millet Station. The peculiar feature is that the migration 
was only when the weather was cloudy and that these two species were found 
mixed up in their flight. 

Coimbatore T. V. Subrahmakyam 

Longevity and flight range of the Indian honey bee APIS INDICA 

To study the longevity of the Indian honey bee, newly emerged bees were 
marked and introduced immediately into a normal working colony housed in 
an observation hive. Silver gilt powder mixed with spirit gum was used for 
marking the bees. Bees were marked on the thorax with a flne brush. The 
material easily dried leaving a white lustrous spot on the thor^ which re m a in ed 
throughout the life of the ^ and never produced any reaction to imj^r the 
normal activity of the bee. White enamel paint diluted with turpentine was 
found equally effective The behaviour of the marked bees was daily noted. 
The periods of longevity noted for three cases were 47, 49 and 49 days for bees 
which emerged on 12-3-42, 11-6-42 and 28-8-1942 respectivrfy. In the first 
observation marked bees were seen leaving tire hive for out-door activities on 
the i6th day from the date of their emergence. In the second^ and third 
observations they began going out even on the 12th day. Studies on the 
longevity of the bees in different months are in progress. 

The same system of marking was adopted for the study of flight range 
of bees. As many as 15,000 bees of all ages, irrespective of the fact whether 
they are nurses or foragers, were marked on a particular date. All crops and 
wild plants in flower at various distances from the hive were daily examined 
for marked bees. The period of observation was during the month of July when 
the south-west monsoon and consequent high wind vdocity prevailed. It was 
found that bees were collecting pollen from Pennisetum typhoideum three furlongs 
from the hive. Further observations are in progress. 

Coimbatore M. C. Cherian 
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The Hole of Integument in the Efficacy of Contact Insecticides 

There is a considerable amount of literature on the effect of contact 
insecticides on various pests. It has been shown that the rate of entry of 
insecticides is slower in older insects, presumably on account of their cuticle 
being thick. Some authors have shown that the inter-segmental regions of the 
thorax and abdomen are more permeable to insecticides than the highly 
chitinized regions. Some believe that the penetration is chiefly through the 
thin walls of the pores at the base of the sensory hairs. Some attribute this 
to the hair sockets, dermal sense organs, pore-canals, etc. etc. It appears that 
the phenomenon of penetration of insecticides is very complex and is very much 
influenced by the physico-chemical nature of the cuticle or of the lipoid layer 
because it has been observed that in the case of some insects which have even 
thinner cuticle, the penetration is more than in the case of those which have 
thicker cuticle. Br. Wi^lesworth has recently studied the penetration of 
pyrethrum extract in the integument of the bug Rkodinus ( Bidl. Eni, Res., 33 
(3): 205-19 ). He has shown that the stretched cuticle is more permeable to 
pyrethrum than the unstretched cuticle of equal thickness presumably because 
of the enlargement of the pore-canals on stretching. Further it appears that 
the entry occurs through the general cuticle and epidermis in recently formed 
or stretched cuticle, and in the older or less stretched nymphs of Rkodinus it 
takes place chiefly around the bristles. On the other hand in the case of older 
adults of this bug absorption takes place by dermal glands Thus it is evident 
that there are great differences with regard to absorption of insecticides in 
different insects and in different paits of the same insect and during different 
stages of growth in the case of the same insect species. 

It has been also shown that entry is more rapid in lighter than in heavj'’ 
petroleum oils and it is much accelerated if the cuticle is first treated with 
petroleum ether. Entry is very slow with vegetable oils. There are great indivi¬ 
dual variations due chiefly to the thickness of the endocuticle which in turn is 
determined by the size of the meal taken before moulting, the age and amount of 
food taken after moulting, etc. The rapid entiy of pyrethrum and light oils is 
attributed to latter's property of dissolving lipoid layer. 

The paper dearly brings out the fact that while testing insecticides 
one has to be very careful in the selection of the material so that insect of the 
same stage of growth and approximately having the same previous history with 
regard to food etc. form basis for experimental work, 

H. S. P. 


The requirements of parasites far more than hosts 

In a thoughtful discussion Dr. G. N. Wolcott of the Agricultural Research 
Station, Puerto Rico, (Science 31 , 317-318,1942) draws the attention of applied 
entomologists to the complexity of the problem of parasitic introduction for the 
control of injurious insects. He rightly complains that entomologists have 
attached far more importance than warranted on the "'Beneficial parasitic stage 
of the parasite" and neglected a single or combination of factors that govern 
the survival of the pdrasites in their non-parasitic stage. This complacent 
attitude of the entomologists towards the whole problem can be attributed to 
the spectacular success achieved in the case of the introduction of Australian 
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GENERAL INDEX. 


Acanthophorini 
*AcauthopIiorus 
I — serraticornis 
jAcnrus calamus, insecticidal 
properties of 
Adonia variegata 
Aelothrips fasciatus 
fulvicolhs 
Alaptus remakrishnai 
delhiensis 

j Amorphoidea arcuata 
Anacolmi 

xVnapheis aurota aurota 
Anaphothrips 

— flavicinctus 

— hemavarna 
Anarsia 

— lineatella 
ant eggs, swelling of 
Anthrenus subclaviger 

— vorax 

Anti loch us cocqueberte 
Apaiiteles baltcatae 

— chilocv^a 

— hyblaeae 
pusaensis 

Aphids, coccinellid predators of 
Aphis rhamni 
Apiocephalus 
Apis indica 

Appias libythea libythea 

— albina darada 
Apiostocetus 

— krishnieri 
Argyria sticticraspis 


Aseminae 


105 j 

104 ‘ 

105 

238 
50 
112 
112 , 

159 ‘ 

160 I 
236 

106 

204 
122,124 

127 

128 
137 
137 
148 
233 ' 

94,233 

91 

163 
165 

164 
164 

49 
242 
108 
95, 239 

205 
205 
225 
225 

7,80,90, 

93 

103, 107 
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Bagrada picta 

banana plant, insect pest of . 
Bourl>on aspidiotus 
Brat’hymeria inter tr^ia 
Brum us suturalis 
butterflies, biological notes on 


Callipogoninx 
Capnoiynjma 
Catopsilia crocale crocale 
poxnona 

— pyranthe pyranthe 


92 

171 

233 

143 

56 

201 


105 

108 

206 

207 

207 


Cecidomyidae 43 

Cepora nerissa phryne 213 

Cerambycidae, larvae of 103 

Cerambycinae 103 

Chaetanaphothrips 124 

Cheiloneurus pyrillae 222 

Chilo trypetes 83, 93 

Chilo zonellns 5 

Coccids, coccinellid predators of 
CoccinelHdae. predaceous on 

aphids and coccids 
coccinellids, malpighien tubules in 
Colias electo field! 

Colotis Calais amata 

— danae danae 

— etrida etrida 

— fausta fausta 

— vestalis vestalis 
Coniopterygidae 

, Coniopteryx pusana 
' Contarinia dalbergiae 
Copeognatha 
Corcyra cephalonica 
Cosmopolites sordidus 
cotton stem weevil 
Criocephalus 
j — tibetanus 
> umcolor 

Cryptochaetum iceryae 

D 

Dalbergia sissoo root borer 
Dantabahnthrips 

— sacchari 

Dendrotbripiclla 
Deu tearobrachythrips 
Diatraea sp. 

Diatraea venosaia 
Disteniinae 
Dorysthenes htigeli 
Dysdercus angulatus 


Exnbidopsocas , 

__ trichurensis 

Emmalocera depressfilla 
Empoasca punjabcnsis 
Epbestia cutella 
Eretis sticticus 
Eriophyes prosopidis 
Euphyw>thrips 

subramanii 
i Euplectrus eaptexiae 


49 

49 
11 
C09 
211 
213 
213 
212 
211 
1 
1 

43 
23 
7, 94 
171 
88, 225 
107 
107 
107 
233 


105 

124 

125 
120 
131 

83 
7, 102 
103 

106 
91 


27 
27 
83. 93 

89 
94 

90 
215 

129 

130 
236 



Eurema brigitta nibeUa 

20« 

— becabe contubernalis 

209 

— laeta laeta 

208 

Eutroctidae 

25 

Euzophera punicella 

67 

F 

Frankliniella intoso 

129 

Fulmekiola saochandda 

131 

G 

Galleria mellonella 

7 

Gnomonotbrips 

132 

— coinibatorensis 

133 

Grammodes stolida 

237 

GmllDlus domeslicus, predators of 233 

H 

Hdiothrips kadaliphilla 

171 

Hemianaphothrips 

123 

— palmae 

124 

Holaspis iudicus 

153 

Homalofylus fiammeous 

56.60 

— terminalis 

65 

Hymeaopteia, parasitic 

153 

Hypolixus truucatiihis 

225 

I 

Icerya pilosa 

233 

— purcbasi 

233 

insect eggs, swelling of 

145 

insecticides 

238, 240 

insects, ini|:;ratiou of 

238 

insects, population study of 

241 

Itonididzie 

43 

Ixias niarianne 

210 

— pyrene kausala 

j 

Jnlodis atUinsom 

210 

91 

K 

Kapaloides . 

155 

— nndamanensas 

156 

travancorensis 

155 

L 

Eamitnae 

103 

JLeptosia nina nina 

204 

Leptura 

109 

Eepturinae 

103, 108 

Famaoodiflae 

171, 172 

!Liinothn{)s 

117 

— ai^liconiis 

117 


Lioi>bainiriis saniiieli 

153 

Eiophanuriis sp. 

92 

Eiposrellidae 

25 

Liposcellis 

27 

— transvallensis 

27 

Logaeus 

104 

— subopacus 

106 

Lopbosternus 

104 

— hugeli 

106 

Lotus, plant, imects of 

167 

M 

Mncrotoma 

104 

Macrotoinini 

104 

mango suiie 

233 

Megaphysotiirips 

129 

Me^opis 

104 

—- buckleyi 

106 

— cephalotes 

105 

— cingalensis 

105 

— SMiica 

105 

— tibialis 

105 

Melcha nursei 

169 

— ornati|)ennis 

234 

Microb: ;icon chilocida 

5 

— chilonus 

5 

Miresa decedens 

171 

mosquito larvae, predator of 

90 

museum insect pest of 

233 

Myraar indica 

160 

N 

Nanopsocetae 

23 

Necydalis 

109 

— indicola 

109 

Neooorynotbriqs 

114, 118 

— asiaticus 

114 

Neolimothrips 

118 

— brachYceiibaltts 

118 

Notbnrbina 

107 

— gardiied 

108 

Njinpbula sp 

169 

O 

Oxyrrbuiothri))s bcbaiensis 

Facbyneuron sp 

130 

65 

Pacbylroctidae 

25, 30 

Fachytroctinae 

31 

Falorus *>p 

95 

Papilio polytes romuius 

20 i 

— deinoleus demoleus 

203 

Paradirysocbans 

56 


VI 



Piarasa lepida 

171 

parasites, introdiiction of 

241 

peach twig borer 

137 

Pempbemlus affini« 

88 

Peritroctes 

30 

— codunensis 

31 

Peritroctinae 

30 

Pipaldiplosis 

46 

— pipaldiplosis 

46 

Platypria garthwaitei 

9 

Polydoms aristolochiae 

aristolochiae 

202 

pomegranate fruit borer 

67 

potato hopper bum 

89 

potato virus 

242 

Prioninae 

103 

Prionini 

106 

Prionus 

104 

— corpulenttts 

106 

Prodenia lituia 

169. 171 

Projectothripoides 

120 

— pandi 

* 121 

Pruthiella 

117 

— angrulicomis 

117 

Psacadiom 

31 

— georgi 

31 

Pseudoarticuleila 

123 

Pseudogonatopus pyrillae 

161 

Psocatropetae 

33 

Psocatropidad 

34 

Psocatropinae 

34,35 

Psocatropos 

35 

—- pilipennis 

35 

Fsocoptera 

23 

Psjdlipsocinae 

34,37 

l^sj-’Uipsocus 

37 

— bombayensis 

38 

— edentulus 

40 

Pyrilla 

1, 162, 221. 
235 

Pynis nialus 

47 

R 

Hamakrishnothnps 

116 

— jonnaphila 

117 

Uhaphipodini 

105 

Rhapbiixxius 

104 

S 

$armydus 

104 


— subcoriacens 

106 

saW'fiy ^Qgsi, svmUiDg of 

147, 150 


151 

Scirpppbaga niveUa 

77, 93, 234 

Scirtotbrips dcxsaiis 

169 

Scymnus quadrillum 

50 

Selepa docilis 

336 

Sesamia unifomiis 


— inferens 

93 

Sesbania acnleata 

237 

Sunyra cxinspersa 

167 

Siphoconnie nymphaeae 

170 

Sissudiplosis 

44 

— chatteijei 

44 

Sitotroga cerealla 

94 

sorghum borer 

5 

Spbaeiopsocidae 

24,25 

Stathmopoda trissorrluza 

94 

Stephanitis typicus 

171 

sugar cane borers 

77, 93, 234 

sugar cane, coccid of 

87 

sugarcane pests, biological 


control of 

235 

Systasis dalbeigiae 

157 


T 

Tapinella 

— fcKiiiosatia 
Teledapus 

— dorcadioides 
Tenues rederaaimi, exudate 

organs ot 
Terebrantia 
Ti^rastichus pyiilla 

Tbrips behareusxs 
Thy^xsoptefa. 
tobacco caterpillar 
Triboltum castaneum 
Tricbospilus diatxaeae 
— pupivora 
Trypaoea stdlata 
Typliodytes sp 

X 

XanthogTaxuma pnithli 2 17 

Z 

Zizypbus incarva, defoliatoi of 9 


31 

32 
109 
109 

173 

112 

94,222 

158 

130 

111 

169 

233 

101 

102 

90 

92 


VII 
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